A 


AN 


CTA RADIOLOGICA 


EDITA IUSSU SOCIETATUM RADIOLOGICARUM 
DANIAE, FENNIAE, NORVEGIAE ET SUECIAE 


6 AUGUST 1951 FASC, 2 


L[OGRAPHY IN CARCINOMA OF THE RENAL PELVIS 


by 


BorjsEN and JOHAN FOLIN 


nal angiography has during the last decade constituted a routine diagnostic 
dure affording invaluable information on various conditions of disease. 


ermore, accumulated experiences of the method have considerably in- 
d our knowledge of the normal and pathologic roentgen appearances of 
nal vascular system. 

‘great value of renal angiography in tumors invading the renal paren- 
. is indisputable. It is generally held, however, that carcinoma of the 
pelvis is avascular and never produces characteristic angiographic 
rances (NELSON 1942, Doss 1946, SHAprro 1953, CREEvy & Price 1955, 
s 1955, 1959, Epsman 1957, Evans 1957). If the tumor is located in the 
enal part of the pelvis and infiltrates the parenchyma the vessels within 
filtrated region have a reduced caliber and are displaced, and an irregular 
is produced in the nephrographic phase (Doss, EpsMAN); tumor vessels 
been observed in a few cases of infiltrating renal pelvic carcinoma 
& Tarournt 1958, 1958, VoGLER & HeERpst 1958). 

he tumor lies in the confluent part of the renal pelvis, the angiographic 
rances may be the same as in advanced hydronephrosis viz. indicate a 
‘dly reduced blood supply and displaced vessels (RuNstROM 1948, 
LOv 1952, Weype 1952, Morino & Targuini 1957, EpsMAN, Pironti & 


1 the Roentgendiagnostic Department (Director: Prof. Olle Olsson), University of 
Sweden. Submitted for publication 30 January 1961. 
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a b 


Fig. 1. Case |. Papillary carcinoma of left renal pelvis. a) Urography: small tumor in lower part \ 
pelvis. b) Aortic renal angiography: normal findings. 


Taroguini inter al.). A ‘silent’ kidney may be found at urography and th 
tumor of the kidney pelvis revealed at pyelography; these methods have thus 
been considered those of choice in the diagnosis of renal pelvic tumors (CREEv\ 
& Price, PLOTEGHER 1957, inter al.). 

The angiographic appearances of the vessels supplying the renal pelvis and 
upper ureter have been previously described (Bo1jsEN 1959). Normally thes 
vessels are too minute to be visible during angiography. In two of three cascs o! 
renal pelvic carcinoma pathologic vessels arising from a displaced and widened 
pelvoureteric artery could however be seen at selective renal angiography. 
Our own experiences of the angiographic characteristics of renal pelvic tumors 
are now reported. 


Material. Ten cases of unilateral renal pelvic tumors were examined by renal 
angiography. Of these, 8 were proved histologically after nephrectomy (7 
or autopsy (1). Two cases were not subjected to operation and therefore not 
verified, but both had histologically proved carcinomas of the bladder and t’ es 
were presumed to represent metastases from angiographically malignant tu- 
mors of the kidneys. Two of the histologically proved renal pelvic tumors \ ere 
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Case 2. Papillary carcinoma of left renal pelvis. a) Urography: upper ramus of pelvis distended 
t obstructed by tumor. b) Operation specimen, small tumor in upper part of renal sinus, normal 
yma. c) and d) Selective renal angiography: normal vascularization of renal parenchyma. Late 


in the arterial phase (d) a wide and tortuous pelvic artery (—) supplies the tumor. 
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combined with bladder growths and two with ureteric tumors, all of thes m 
type as in the renal pelvis. The ages of the patients ranged from 44 t 7 
years. 


It is possible from a roentgendiagnostic and especially from an angiogra) hi 
point of view to divide the present collection of renal pelvic tumors into t! re 
groups. The first group is represented by a small renal pelvic tumor } ; g 
normally functioning kidney; in the second group the renal pelvic tumor ip- 
filtrates the renal parenchyma; and the third group is characterized | 
renal pelvic tumor obstructing the urinary outflow and causing complet or 
localized hydronephrosis. 


Case reports 
Cases belonging to group I 
Case 1. Male, aged 60, with intermittent haematuria for six months. Urography: Tumor, cn 
in diameter, at base of left renal pelvis. Aortic renal angiography: Normal left renal artery and 
branches; normal accumulation of contrast medium in renal parenchyma. Cystoscopy: T\ 
on right side of bladder. Operation: Resection of the tumors of left renal pelvis and blac der 
Pathology report: Both tumors differentiated papillary carcinomas: no infiltration. 


Case 2. Male, aged 64, with abdominal pain for a week and haematuria (microscc)\ 
Urography: A 2 by 3 cm irregular tumor in upper part of left renal pelvis. Selective left 
angiography: Renal artery and branches not displaced. A tortuous, irregular artery branc iing 
from the dorsal artery supplied the tumor. Normal accumulation of contrast medium in rena 
parenchyma. Operation: Ureteronephrectomy. Pathology report: Large differentiated papilla 
tumor distending upper part of renal pelvis. No infiltration of renal parenchyma. 


Comments 

Small kidney pelvic tumors in a normally functioning kidney may easily be diagnose: by 
urography. As long as the growth is small, is confined to the intrarenal part of the pelvis 
and does not infiltrate the parenchyma, it is supplied by the small renal pelvic vessels that 
arise from the primary branches of the renal artery. These fine vessels are increased in widtt 
when supplying a tumor but are, in our experience, too small to be seen at aortic renal angio- 
graphy (Case 1). Selective renal angiography may, however, because of the higher density 
of the contrast medium, show a widened, tortuous renal pelvic artery supplying the tumor 
(Case 2). Irrespective of which type of angiography is chosen no tumor vessels will be dem- 
onstrated as long as the renal parenchyma is intact. 


Cases belonging to group II 
Case 3. Female, aged 73, with a four-year history of right loin pain and haematuria. l’n- 
graphy: Upper part of right kidney widened with no excretion evident in this region; the re- 
mainder of the kidney functioned nermally. Ramus of upper calyx abruptly cut off. -/orl 
renal angiography: The right renal artery was slightly reduced in width. The intrarenal branches 
in the upper half of the kidney were slightly narrowed, somewhat sparse, but not displaced 
A tortuous vessel running inwards and downwards represented a widened pelvo-ur 
artery. No tumor vessels present but in the upper half of the kidney the contrast mec iun 
accumulated irregularly with no demarcation between the cortex and the medulla as 1 the 
lower half. Patient was not operated upon and died 9 months later. Postmortem examination: .\na- 
plastic solid carcinoma arising from upper part of right renal pelvis, infiltrating the pi ren- 
chyma, and extending distally around the lower part of the renal pelvis and upper p< 
the ureter. Metastases in the abdomen and lungs. 
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c d 
Fig Case 4. Papillary carcinoma of right renal pelvis infiltrating parenchyma. a) Urography: 
tun julging into right pelvis of a horsestoe kidney, no obstruction to urinary outflow. b) Operation 
spec n. c) and d) Aortic renal angiography: tumor vessels arising from peripheral branches of 


mai nal artery supply the tumor. 
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Case 4. Male, aged 61, with right loin pain 
and intermittent haematuria for one month. 
Urography: Horse-shoe kidney with irregular 
calcifications in the central part of the right 
lobe; medial to the calcifications a tumor, 3 


4 cm in size, bulged into the confluent part of 


the renal pelvis. Aortic renal angiography: Right 
kidney supplied by two vessels of normal width; 


irregular vessels as well as accumulation of 


contrast medium evident within the tumor 
shown at urography. Operation: Nephrectomy. 
Pathology report: Differentiated papillary pelvic 
tumor, about the size of a walnut, arising from 
a middle calyx and bulging into the renal 
pelvis. Renal parenchyma infiltrated at the 
base of tumor. 


Comments 


If the tumor arises in the intrarenal part of 


the renal pelvis and infiltrates the parenchyma 
a primary carcinoma of the latter cannot be 
excluded, as urography, pyelography, as well as 
angiography, may produce the same appear- 
ances in both types of carcinoma. When a renal 
pelvic carcinoma grows into the parenchyma 
the infiltrating part of the tumor is supplied 
by the peripheral branches of the renal artery. 
If a renal carcinoma bulges or infiltrates into 
the kidney pelvis this part of the tumor is sup- 
plied by the more centrally placed, fine renal 
pelvic vessels. If no tumor vessels are evident 
in an infiltrating renal pelvic carcinoma, there 
will be an irregular accumulation of medium 
within the infiltrated region and no demarca- 


pelvis and upper ureter. Aortic renal angiogra 


renal artery and branches small and displaced 


widened ureteropelvic artery (—) arising 

dorsal artery supplying the tumor with pi 

logic vessels. No accumulation of medium in 
enchyma. 


tion between the cortex and the medulla, just as in a renal carcinoma. 


Cases belonging to group III 


Case 5. Male, aged 59, with loss of weight and lassitude for six months. Urography: Enlarg 
kidney with irregular surface; no evidence of excretion. Aortic renal angiography: Narro 
left renal artery with very small and displaced branches. The ureteropelvic artery arose | 


the distal branch of the dorsal artery, turned inwards and downwards, and was wider t)ian 


the parent branch; small tumor vessels were evident in the region it supplied. Opera 
Ureteronephrectomy. Pathology report: Differentiated papillary tumor at ureteropelvic j 
tion with small growths in upper part of ureter. No infiltration into parenchyma. 


Case 6. Female, aged 56, with haematuria for three weeks. Urography: Somewhat enlai : 
nonfunctioning left kidney with irregular surface. Aortic renal angiography: Markedly narro 
left renal artery with branches, and the intrarenal branches displaced and giving rise cent: ' 
to pathologic vessels. A wide ureteropelvic artery from the dorsal artery supplied a tumor \ 


pathologic vessels. Pyelography: Irregular tumor within renal pelvis and upper ureter; ma 


peripheral hydronephrosis. Operation: 


Ureteronephrectomy. Pathology report: 
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Fig. 5. Case 6. Papillary carcinoma of left renal 
pelvis and ureter. 


a) and b) Aortic renal angiography: reduced 
blood supply to enlarged left kidney with irregu- 
lar lateral contour; widened ureteropelvic artery 

>) can be followed distally and pathologic 
vessels are seen within its region of supply. 
Tumor vessels arising from the widened pelvic 
vessels are also evident in the central part of the 

kidney. 

c) Arteriography of operation specimen showing 
same appearances. Ureteropelvic artery wid- 
ened down to the site of the tumor in the ureter. 
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Fig. 6. Case 7. Papillary carcinoma of right renal pelvis. a) and b) Selective renal angiograph 
larged kidney, narrowed renal artery and branches displaced by large tumor. A middle cay 


artery (< 


hydronephrosis with much reduced parenchyma. Advanced papillomatous changes in 1 
part of ureter and central part of renal pelvis. Poorly differentiated papillary carcinoma, 


in vessels. 


Case 7. 


tumor. 


Case 8. Male, aged 61, with left colicky pain for four months and slight haematuria for 
month. Urography: Large tumor in upper part of left kidney obliterating upper calyces an 
displacing remainder of renal pelvis downwards. Aortic renal angiography: An artery of n«¢ 
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is displaced by the tumor. A widened and displaced ureteropelvic artery (<—1) suppli: 
tumor with pathologic vessels, and widened pelvic arteries supply the intrarenal part of the tu: 


Male, aged 44, with intermittent haematuria and right loin pain for two \ 
Cystoscopy: Two large papillomatous tumors in bladder. Urography: Non functioning, enl: 
right kidney with irregular lateral surface. Pyelography: Confluent part of the right 
pelvis deformed by a tumor. Normal ureter. Selective renal angiography: Right renal artery 
its branches narrowed and markedly displaced. 


-athologic vessels evident centrally in 
enlarged kidney and arising medial to the kidney from widened ureteropelvic arte: 
capsular artery was greatly displaced by the tumor. No accumulation of medium withi: 
renal parenchyma. Operation: Ureteronephrectomy and removal of bladder growths. Pat/ 
report: Differentiated papillary tumor, about 10 
hydronephrosis. Renal parenchyma reduced to a thin layer. Infiltration of tumor into surr« 
ing fatty tissues and into lymphatics. Vesical tumors of the same histologic type as renal } 


5 cm in size, in right renal pelvis; 
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supplied the lower pole, and a narrowed artery the remainder of the kidney; the intra- 
ranches of the latter were narrowed and displaced. A large number of small tumor 
were evident in the upper half of the kidney late in the arterial phase. Normal ac- 
ition of contrast medium in lower pole with differentiation between the cortex and the 
a; practically no medium evident in remainder of kidney. Operation: Nephrectomy. 
Iney appeared normal apart from slight enlargement of its upper pole. Ureterectomy 
rformed as there was no macroscopic evidence of renal pelvic carcinoma. Patholog) 
Differentiated papillary tumor at upper part of renal pelvis displacing and reducing 
renchyma to a thin layer. No infiltration into parenchyma. 


ls 
if the proved cases of tumor at the ureteropelvic junction had a urographically ‘silent’ 
which was enlarged and had an irregular surface. Thus urography cannot give a 
diagnosis of renal pelvic carcinoma. Only in one of the cases was it possible to demon- 
. papillary tumor by pyelography. 
il angiography, on the other hand, in all three cases produced conclusive evidence of a 
rowth causing obstruction. The signs were as follows: (1) A markedly reduced vascular 
to an enlarged kidney and displacement of the central branches of the renal artery by 
ior in the confluent part of the renal pelvis. (2) A wide ureteropelvic artery supplying 
1or with pathologic vessels medial to the kidney. (3) Because of the reduced parenchyma 
e growth of the tumor, practically no contrast medium accumulated in the nephro- 
c phase. (4) Due to the advanced atrophy of the renal parenchyma, tumor vessels 
from widened pelvic arteries were evident late in the arterial phase within the intra- 
yart of the renal pelvis. 
1¢ renal pelvic carcinoma arises within a ramus of the renal pelvis and causes a localized 
re atrophy of the parenchyma the angiographic appearances will be similar but con- 
o only a part of the kidney (Case 8). A widened ureteropelvic artery will not be apparent 
e the tumor is not within its field of supply. 


Discussion 
iree types of renal pelvic carcinoma could be differentiated in the present 
tigation. 
iall tumors of the renal pelvis which do not infiltrate the renal parenchyma 
ip I), may be demonstrated at urography but for the final diagnosis 
angiography may provide supplementary information of great value. 
umor vessels, or accumulation of contrast medium within the tumor, 
e evident, as in the first place the tumor vessels in a renal pelvic carcinoma 
wrow and sparse and secondly, the accumulation of medium in the unaf- 
| renal parenchyma will hide these fine vessels. 
‘iltrating carcinoma of the renal pelvis (group II) cannot be differentiated 
renal carcinoma of low vascularization either by urography or renal 
graphy. Three tumors were of the infiltrating type in the present material. 
of these was not verified (Case 9), but at cystoscopy a biopsy was made 
large bladder growth, which histologically had the characteristics of a 
il carcinoma, and a malignant tumor in the right kidney was demonstra- 
y renal angiography. Thus, in all three cases a diagnosis of carcinoma was 
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made although it was not possible to state that the tumor arose from the re al 
pelvis. Two of the cases had tumor vessels arising from the peripheral branc 

of the renal artery and a wide ureteropelvic artery supplied the tumor; thoi 
rare, a renal carcinoma may in fact be supplied by a ureteropelvic art 
(Borjsen). If, on the other hand, the tumor arises from the upper part of 
ureter or from the extrarenal part of the renal pelvis it is always supplied 
the ureteropelvic artery, which will be filled at renal angiography. Of the 
cases of renal pelvic tumors a wide ureteropelvic artery was evident in 6, t 

is in all cases in which the tumor arose or extended medial to the kidney. 

From a surgical point of view the diagnosis of renal pelvic carcinoma is 
portant because ureteronephrectomy should then be performed. If the di 
nosis is not clear preoperatively it is usually impossible to decide the tur 
type during the operation (O’Conor 1956, TAyLor 1959, inter al.), and 
ureter will not be removed, with all the attendant risks. This is especially 1 
when the tumor causes hydronephrosis, i.e. is of the same type that is diffi 
or impossible to diagnose by urography or pyelography. 

Contrary to previous conceptions renal angiography offers the most 
portant contribution to the diagnosis when the renal pelvic growth obstri 
the urinary outflow (group III), and it is furthermore safe and conclusive. 
5 of the 10 cases there was a total (4) or a local (1) hydronephrosis with 
sultant advanced pressure atrophy and in only one of these was it possible }y 
means of urography or pyelography to establish a correct diagnosis. One ci 
was not histologically proved (Case 10), but the patient had a verified vesi 
carcinoma and the angiographic characteristics were the same as in the pro\ 
tumor cases causing hydronephrosis. 

Previous authors have stated that hydronephrosis caused by a tumor of 
renal pelvis cannot be distinguished from other types of hydronephrosis un! 
tumor vessels are shown. Such vessels may, according to these authors, 
demonstrated only in a few cases and then only when there is infiltratio1 
the parenchyma. In the present material, however, tumor vessels were 
served in all cases in which a reduction of the parenchyma due to pressur 
atrophy was present. The pathologic vessels are always small and sparse, 
arterio-venous shunts, so often seen in renal carcinoma, are only seldom 
served. These fine tumor vessels within the kidney region can therefore onl) 
observed when the angiography is of very ‘high quality’ and preferably | 
formed as a selective study, and when there is advanced atrophy of the rm 
parenchyma. As in all cases of advanced pressure atrophy of the renal pa 
chyma the renal artery is small and the intrarenal branches displaced. 
combination of small and displaced renal arteries and tumor vessels will es 
lish a diagnosis of renal pelvic carcinoma. 

Other characteristic changes may be observed at angiography and ser\ 
confirmation of the diagnosis of a growth obstructing the renal pelvis; 
the tumor vessels arise early from the branches of the renal artery because 
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Fig. 7. Case 8. Papillary carcinoma of left renal 
pelvis. 


a) Operation specimen. Advanced atrophy of 
renal parenchyma in upper two-thirds of kidney. 
b) and c) Aortic renal angiography: two arteries 
supply the kidney. Main renal artery and its in- 
trarenal branches are narrowed, the latter also 
displaced. Fine tumor vessels are evident in the 
upper two-thirds of the kidney. No accumulation 
of medium in upper part of kidney but normal 
in lower part. 


h from the intrarenal pelvic arteries and not from the peripheral branches 
renal carcinoma. 


‘ width of the renal artery corresponds closely to the reduction of the 
parr .chyma in the common type of hydronephrosis (IpbBoHRN 1956, WipEN 
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1958) and there is an accumulation of contrast medium in the parenchym: so 
that a distinction between the cortex and the medulla is possible. The mai 
narrowing of the renal artery in the present tumor cases indicated that « 
a thin layer of renal parenchyma was present; this layer was, however, « 
thinner than might have been expected with such a small renal artery bec: 
the tumor was supplied by the same vessel. There was therefore hardly 
accumulation of medium in the parenchyma and the cortex and the med 
could not be differentiated. 

Another important difference between hydronephrosis caused by a tu 
and true hydronephrosis is the size of the ureteropelvic artery; the wide 
ureteropelvic artery and the small dorsal artery bear a relationship whic 
never observed in hydronephrosis not caused by a tumor. 


SUMMARY 


Ten cases of carcinoma of the renal pelvis studied by renal angiography are reported 
characteristic angiographic appearances produced when the tumor obstructs the uri 
flow are described. 


ZUSAMMENFASSUNG 
Zehn Falle mit Nierenbeckenkarzinomen, welche mit einer renalen Angiographie u 
sucht worden sind, werden berichtet. Das fiir einen Tumorverschluss des Harnabfl 
charakteristische angiographische Aussehen wird beschrieben. 


Les auteurs présentent dix cas de cancer du bassinet rénal étudiés par angiographie r« 
Ils décrivent les images angiographiques caractéristiques obtenues quand la tumeur ol 
les voies urinaires. 
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FROM VETERANS ADMINISTRATION HOSPITAL, LONG BEACH 4, CALIFORNIA, U. 


DIFFERENTIAL RENAL FUNCTION IN GOLDBLATT TY PE 
OF HYPERTENSION 


Report of a case 


by 


RicHArD L. SIGGERS 


SguiRE and SCHLEGEL in 1959 reported that urography was ineffective in 
the investigation of the differential renal function in renal hypertension. ‘} heir 
films were obtained at 5 minutes after commencement of the injection. 

It occurred to the present author that the films in the above mentioned in- 
vestigation had possibly not been obtained early enough, and for that reason 
a series of 100 normal patients were run in for study. A timing mechanism was 
started immediately after the beginning of the injection and films were obtained 
at | min, 2 min, 3 min, 4 min, and 5 min. It was noted that in normal patients 
the kidneys always functioned at the same time, the nephrographic phas« oc- 
curring at 2 min and the pyelographic phase generally at 3 min. In hy per- 
tensive patients, the pyelographic phase could generally be seen at 2 min and 
was always present bilaterally. The hypothesis was advanced that in Gold )latt 
kidney there would possibly be a differential function due to renal artery insul- 
ficiency, and this was subsequently proved to be true. 


Case report 
A 41-year-old man was admitted in our hospital in May 1960 for hypertension of fow 
duration. Physical examination disclosed no definite cause of the hypertension. The 
pressure was 220/110 mm Hg in the right and left arm and 300/155 mm in the right leg 
recumbent position. The eyes showed minimal arteriolar narrowing. The periphera 
equal and strong. 


Submitted for publication 15 March 1961. 
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Urography 
obtained at ], 2, 3, and 5 
tervals after commencement 
f injection of Hypaque. 


t | min: Bilateral nephro- 
grams. 


\: 2 min: Contrast medium in 
alye.s, pelvis and upper part of 
iretev on left side. Right kidney in 

1ephrographic phase. 


> min: Stull some difference 
tion between the two kid- 
neys. 


\t 5 min: Differentiation be- 
seen the function capacities of 
he kic 1eys, now no longer possible. 
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Laboratory examination. Hemogram normal; urine analysis negative; BUN 22 mg °,; fa 
blood sugar 6+ mg °,,; serum potassium +.5 mEq/l! with chlorides 105 mEq/l, and sodium 
mEq/l with bicarbonate 25 mEq/l. ‘Twenty-four hour urinary catecholamines were 2 ga 
per cent. The regetine test and urinary culture were negative. The Fishberg concent: 


o 


test revealed a maximum concentration of | 017. The serum creatine was 0.9 mg 


Roentgen examination of chest: Marked left ventricular hypertrophy with congestive fa 
Urography: In the 2 min film the right kidney remained in its nephrographic phase whils 
calyces, infundibula and pelvis of the left kidney were filled. The 3 min film still sh 
a differential excretion between the two kidneys, while in the 5 min film the function bet 
the two kidneys was almost equal. Aortography: Marked stenosis of the right renal artery 
post-stenotic dilatation. 

At operation: Arteriosclerotic plaque (of the right renal artery, described by the p: 
ogist as a hyaline chondroid plaque.) The blood pressure fluctuated during the postope 
period and five months later averaged 140/90 mm Hg. The patient is now asymptomatic 


At a repeat examination five months after the operation, urography wit 
2, 3, 4, and 5 min films after the injection of the contrast medium it was sh 
that there was equal function of the two kidneys. 


SUMMARY 


A case of renal hypertension due to unilateral renal artery disease is presented. A dia 
of decreased renal function was suggested by the differences in function observed bet 
the two kidneys in films obtained at | min, 2 min, and 3 min after the injection of co 
medium. 


ZUSAMMENFASSUNG 


Ein Fall mit renalem Hochdruck, bedingt durch ecinseitige Nierengefasserkrankung, 
vorgelegt. Die Diagnose ciner herabgesetzten Nierenfunktion wurde durch die Unters« 
gestellt, welche man auf RSntgenbildern nach einer Minute sowie nach zwei und drei Mi 
zwischen den beiden Nieren beobachtete. 


RESUME 
L’auteur présente un cas d’hypertension rénale due a une affection unilatérale d’une 
rénale. C’est la différence observée entre les deux reins sur les films pris au bout d’u 
deux et de trois minutes qui a fait penser au diagnostic de diminution de la fonction 1 


REFERENCES 


GotpsLatr, H.: Experimental hypertension induced by renal ischemia. Bull. N. Y. 
Med. 14 (1938), 523. 

Sourre, Lucy FRANK and SCHLEGEL, JORGEN U.: Pyelography in renal disease with 
tension. Correlation between pyelographic findings and differential renal function s 
Radiology 73 (1959), 849. 


7 
Ol- 
OSIS 
Vil 
iten 
ter 
ale 


PHILIPS — MULLER motor-driven 
Alternator saves time, space and work 


Sahigrenska Sjukhuset, 
Swedens most modern 
hospital, ordered not less 
than 21 Alternators. 

The radiologist can be seat- 
ed comfortably and can 
move each frame to a con- 
venient viewing height ei- 
ther by hand or foot. 


Philips portable Denso- 
scope with Iris diaphragm 
for examining dark X-ray 
films. 


Dimensions of Alternator: 
Height 255 cm 
(8 feet 4 inches) 
Width 182.5 cm 
(about 6 feet) 
Depth 94 cm (about 3 feet) 


360 radiographs at the same time 


In the motor-driven Philips Alternator 20 viewing frames each 50x170 cm 
(20x70 inches) can be moved up and down in front of an illuminating 
box with fluorescent tubes. As an example can be mentioned that the 
frames take 360 radiographs size 18x24 cm (7x9 inches). 

For hospitals wanting more than 20 frames we manufacture a 


PHILIPS 
Super-Alternator with 31 frames. 


Contact nearest PHILIPS— MULLER X-ray sales organization or direct 


SVENSKA AB PHILIPS p.os. 6077 - STOCKHOLM 6 - SWEDEN 
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\RTERIAL COMPLICATIONS IN THORACIC OUTLET 
COMPRESSION SYNDROME 


by 


OLIN 


ec subclavian artery and the brachial plexus in their passage through the 
ical region come to lie between the scalenus anterior and the scalenus me- 
and the first rib. The subclavian vein lies in front of the scalenus anterior 
uns more or less parallel to the artery (Fig. 1). 


\laladjustment between the thoracic outlet and the plexus or vessels may 


t in compression of the latter with consequent symptoms. Such compres- 
may be produced by unnatural positioning of the arm or by the presence 
rudimentary or cervical rib. The symptom complexes produced by such 
wession are called the cervical rib syndrome, the scalenus anterior 
rome, the costoclavicular syndrome, the compression syndrome and the 
rabduction syndrome, according to the presumed aetiology in a given 
It appears that the best ‘blanket’ term for all these conditions is the 
suggested by Ros & STANDEVEN (1958), viz the thoracic outlet compres- 
syndrome. Complications caused by compression of the brachial plexus 
the subclavian vein fall beyond the scope of the present investigation and 
10t be discussed. 
rvical ribs were first mentioned by GALEN, and among those to contribute 
ir knowledge of such ribs were HuNAvuLD (1742), and particularly GRUBER 
)), (see Keen 1907). The literature on the anomaly has since become 


mitted for publication 16 January 1961. 


(088. Acta Radiologica. Vol. 56. 
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M. scalenus ant. 


M. omohyoideus 


subclavia 


M. scalenus med. ( Clavicula 


M.scalen. post. 


M. 


subclavius 


M. pector. 
maj. 


Costa II 


A. subclavia 
M. pector. mim. 
Costa I I 

Mm. intercostales 


Fig. 1. Drawing of thoracic outlet on right side (from CorNING). 


voluminous. In 1818, Cooper & TRAVERs treated the symptoms produce: 
cervical ribs by conservative methods but the first to report a successful op 
tion in such a case was Coote (1861), (see EpEN 1939—40); the subcla 
artery and the brachial plexus were found to be stretched and compress 
they passed over an exostosis (? a cervical rib) of the first thoracic rib, the a1 
slightly distal to the exostosis having an aneurysmal dilatation. The an 
alous bone was removed with subsequent re-appearance of the ipsilat 
pulse and disappearance of the pain in the arm. 

During the last two years 3 cases of arterial compression in the thoracic 
let with complicating thrombosis have been diagnosed and treated at our 
pital. 


Case reports 


Case 1. Male aged 52, farmer, was admitted because of a pulsating lump in the right s 
clavicular fossa, which he had first noticed one year previously. During the previous n 
he had also developed numbness and weakness of the right hand, with increasing pain i 
fingers on the ulnar aspect. On admission, the right hand was atrophied and the mus 
the arm were weak. The skin temperature began from a few centimetres below the sh« 
joint to decrease distally. There was no gangrene. 

Roentgen examination. Cervical spine: A rather large cervical rib was present on the right 

Angiography of the right subclavian artery: A catheter was introduced into the femoral ; 
but could not be manipulated through the aortic arch into the innominate artery. A ca 
(PE 160) was therefore inserted into the right common carotid artery (Fig. 2) and adv 
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Case 1. a) Arteriography. Catheter in right carotid artery. Good filling cf tortuous innominate 
. common carotid artery and first part of subclavian artery. Carotid artery manually compressed. 
cervical rib on right side. b) Subclavian artery occluded immediately distal to the origin of inter- 
immary and vertebral arteries. Several collaterals, especially from the widened internal mam- 

mary artery pass out into the arm. 


etrograde direction into the innominate artery; 15 ml Urografin 60 °,, were injected by 
sure syringe and serial films obtained. During the injection, the right carotid artery was 
ressed manually to minimize the flow of the contrast medium into the brain. The in- 
iate artery and the first part of the subclavian artery were widened and tortuous. ‘The 
wian artery was occluded by a thrombus immediately distal to the origin of the internal 
nary and vertebral arteries, and the thyrocervical and costocervical trunks. All of these 
except the vertebral artery gave off numerous collaterals to the arm. Contrast medium 
he collaterals had filled a small slit in the axillary artery but otherwise the large artery 
ing the arm was packed with thrombi and emboli. 
bography. No evidence of abnormality. 
ration. The scalenus anterior was divided and the compressed subclavian artery dissected. 
ill incision was made in the vessel and parts of the thrombus were aspirated until arterial 
flowed out in a retrograde direction. The skin temperature of the hand was higher after 
eration, the pain disappeared and the arm muscles were no longer so weak. 


2. Female aged 37, housewife, had had numbness, a feeling of cold and sensory loss of 
sht arm, especially on the ulnar aspect, for six months. On admission, the small muscles 
ated by the ulnar nerve were atrophied. The right radial pulse was weak and the blood 
re in the right arm was 25 mm Hg lower than that in the left. ‘The little and ring fingers 
old. 
itgen examination. No changes in the cervical spine or the right shoulder. 
ography of the right subclavian artery 


Fig. 3): An opaque catheter was introduced into 
sht femoral artery and advanced into the innominate artery to the opening of the right 
vian artery; 15 ml Hypaque 45°, were injected and serial films obtained. The sub- 
artery proved to be occluded immediately distal to the origin of the internal mammary 
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b 


Fig. 3. Case 2. a) Tip of catheter in right subclavian artery; innominate artery, first part of subs 

artery and common carotid artery contrast filled. Subclavian artery occluded immediately di 

the origin of internal mammary artery. Collaterals to the arm. b) Patent axillary and brachial ar 
S-shaped catheter with tip in subclavian artery well depicted. 


and vertebral arteries and the thyrocervical and costocervical trunks. ‘The axillary arte: 
supplied by collaterals from the internal mammary artery and the thyrocervical and « 
cervical trunks. The subclavian artery was thrombosed along some 5 cm of its length. 

Operation. Vhe cervico-axillary canal was found to be narrow and to contain abu 
fibrotic tissue. The subclavian artery, which had degenerated into a rigid cord, contain: 
old thrombus. The tendon of the scalenus anterior was divided and the nerves and the 
were dissected. 

The patient felt better immediately after the operation but about one year later the va 
and nervous symptoms gradually returned. 


Case 3. Male, aged 27, builder’s labourer, had for + weeks frequently had a tingling sen 
in the right hand; this was often followed by pain in the lower arm, especially when cai 
heavy loads on the shoulders with the hands over the head. On admission, the right han 
found to be cold and the fingers pale. The right radial pulse was impalpable but pulsati 
the brachial artery could be felt in the cubital fossa. ‘Treatment with a stellate block fi 
week produced some improvement. 

Roentgen examination. ‘The cervical spine was normal. 

Angiography of the right subclavian and brachial arteries by the same method as in (¢ 
widening of the former vessel and small irregularities in the outline of its wall (Fig. 4a 


defects were present in the distal half of the brachial artery which was completely oblit 
along 21 cm of its course (Fig. +b). 


The patient was treated with anticoagulants and massage of the right hand. Gangrene 
oped in the tips of digs II and III but was rather limited and healed after some small frag 
of necrotic tissue had been shed. ‘Treatment was continued for + months. The patient ret 
to work without any appreciable symptoms. At control examination the skin temperat 
the right arm and hand was about the same as on the left side. There was no gangren 
right radial pulse was impalpable. 
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Fig. 4. Case 3. a) Arteriography. Subclavian artery 

is widened. b) Filling defects in distal halfof brachial 

artery, about 21 em of which is occluded. c) 8 months 

later. Tip of catheter in innominate artery. Sub- 

clavian artery occluded a few centimetres distal to 

the origin of internal mammary artery, which gives 
off collaterals to the arm. 


graphy of the right subclavian artery 8 months after the first examination (Fig. + 
men of the middle third of the vessel was occluded for a length of about 5.5 cm. The 
the contrast medium passed out into the arm through the collaterals via a widened in- 
mammary artery and the transverse cervical branch of the thyrocervical trunk. Some 9 
he axillary artery were filled via collaterals: the distal part of this artery showed multiple 
lefects and was occluded. 

fion. The middle third of the clavicle was resected and the brachial plexus and sub- 
i artery and vein were dissected free from massive adhesions. ‘he thrombus was removed 
e subclavian artery and a satisfactory blood flow re-established. 

postoperative course was uneventful and the circulation and the muscle strength of the 
rm improved. 

graphy of the right subclavian artery two months after operation (Fig. 5): The distal 
the subclavian artery was still patent and dilated at the former site of the thrombosis. 
raphy was as at the first occasion repeated but with the arm hyperabducted (Fig. 6). 
iclavian artery was occluded below the clavicle, as before the operation, and the con- 
edium passed into the arm via the collaterals. 

tion. The scalenus anterior was divided. 

patient has felt well after the operation and the arm has almost completely recovered 
inal strength. 


Discussion 


iptoms due to compression of the brachial plexus at the cervico-brachial 


m are much more common than corresponding vascular symptoms, and 
predominate in women (EDEN). 
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Fig. 5. Case 3 (same asin fig. 4). a) Arteriography. Thrombus in the subclavian artery has been ren 
This part of the artery was also aneurysmatically widened at previous examination. b) Axillary 
occluded distally. Only collaterals pass out into the arm. 


Vascular complications in the thoracic outlet, however, occur only slis 
more often in women and are about equally common in each arm. Accor 
to EDEN only one case has been described (by Russe in 1907) in which 
arms were affected. Apson (1947) was later unable to confirm the state: 


of Epen that vascular complications are somewhat more common an 
manual workers. Most patients have been young or middle-aged alth: 
their ages have varied between 5 and 75 years. 


Anomalies favouring development of the syndrome 

Bones. The cervical rib is the most wellknown abnormality causing the 
racic outlet syndrome. It is often bilateral but may be unilateral without 
predilection for one side or the other. The anomaly is more than twice as « 
mon in women as in men. 

The Ist thoracic rib is sometimes rudimentary (KEEN) and may then « 
a compression syndrome in the same way as a cervical rib. The rudime: 
rib is about as common as the cervical rib but is usually unilateral (Topp 
Haven 1939, Errer 1944, Sycamore 1944). The occasional articulati 
the Ist thoracic rib is usually of development origin (Wuire et coll. | 
This articulation, as well as a fracture with abundant callus, may cause 
pression. 

Abnormal ribs are rarely the only skeletal abnormality present (W 
1951); defects in the vertebral bodies and laminae, with consequent ce! 
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Case 3 (same as in figs 4 and 5). a) Examination performed with the arm abducted as much 
ible. Subclavian artery occluded where it crosses the clavicle. b) Axillary artery filled only 
through collaterals and mostly from the internal mammary artery. 


cic scoliosis, is quite common. In scoliosis of this region the ribs on the 
exity are elevated and may contribute to a compression syndrome. 

rious changes in the clavicle may also give rise to a compression syndrome, 
. fracture with abundant callus, an ununited fracture, or a fracture joined 
ilposition (PoKER et coll. 1958). 


rves. As pointed out by Jones (1913) the contribution to the brachial plexus 
different nerve roots varies with the rib anomalies. The plexus is usually 
ced, i. e. has a contribution from the fourth cervical root and only a small 
rom the first thoracic root, when a cervical rib is present. If, however, 
lexus lacks the contribution from the fourth cervical root and receives a 
lerable contribution from the first thoracic root, i. e. is postfixed, the first 
cic rib is rudimentary. The degree of prefixation thus varies with the com- 
iess of the cervical rib. When the cervical rib is short, the nerve may be 
ressed, but if it is a complete rib, the brachial plexus arises from one seg- 
higher up and will not be compressed. The relations of the subclavian 
, however, are not subject to the same sort of variation as those of the 
s and will be more easily compressed by a complete cervical rib than by 
ll incomplete one (GLADsTONE & WAKELY 1932). This is probably the 


1 why vascular and nervous complications of cervical ribs often appear 
itely (Ross 1959). 


»D was of the opinion that the pathologic changes of the arteries arose 
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from interference with certain sympathetic nerve fibres, but Lewis 
PicKERING (1934) considered the vessel changes to be purely of a mechan 
nature. 

TeLrorpD and Morrersueap (1948) from postmortem investigations 
scribed a gripping effect of the median nerve heads around the axillary ar 
in forced depression of the shoulder. This theory has apparently attracted 
little attention by other investigators. 


Muscles. Abnormalities of the bones in the thoracic outlet are usually ass« 
ted with anomalies in the insertions of the scalene muscles. In the presenc: 
cervical rib, the anterior and middle scalene muscles may have insertions 
it as well as into the first thoracic rib. Scalenus medius and posterior may | 
insertions into the cervical rib alone, or into this and the first and se« 
thoracic rib, or there may be no insertions into a cervical rib. In the cas 
rudimentary first rib, the scalenus anterior may have two or three slips o 
sertion into its posterior bony and intermediate fibrous portions. 
Both the subclavian artery and the nerve roots may also occasionally tray 
the scalenus medius, dividing it into fasciculi. A scalenus minimus may als: 
present, lying as a slip between the scalenus medius and anterior with i 
tions into the first rib and, in some instances, the dome of the pleura 
WALSHE). 
The most important effect of the scalene muscles in this syndrome is | 
they probably prevent any forward-downward sliding of the nerve trunks 
the artery from the uppermost rib. Reports of successful scalenotomy-op 
tions also point in this direction. 
Some authors have described hypertrophy of the scalene muscles, and ot) ers 194 
a spasm, the artery being compressed by the muscles. The evidence is, }«\ irm. 
ever, according to STAMMERS, insufficient. nen 
smal 
The different more or less abnormal anatomic structures described are « 
not enough in themselves to cause the compression syndrome. The age dist 
tion with preponderance for middle-aged women has been interprete: 
depending upon the drooping of the shoulders in these patients. The arte 
then stretched over the abnormal bone more than early in life. 
Apson pointed out that in the scalenus anterior syndrome the subcla 
artery may be compressed still further by inspiring with the head tilted | 
wards and turned to the affected side. 
Lewis and PickeRING observed in a case of a cervical rib that the cla 
and the cervical rib compressed the subclavian artery when the arm wa 
ducted to 90°. FALconeR and Wepe (1943) described a costo-clavi 


compression syndrome in soldiers carrying heavy packs, the artery being 
pressed between the clavicle and the uppermost rib; in the position of ‘atte1 
when the shoulders were braced, the radial pulse was occluded in one third « 


vhe 
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b 
‘ormal appearances of subclavian artery when the arm is to the side (a) but completely com- 


nder clavicle when arm is abducted (b). Anterior scalenotomy produced no improvement in 
the appearances. 


otherwise healthy individuals. PoMMERENKE and RuisTEEN (1944) pointed out 
that in some cases a scalenus anticus syndrome developed after prolonged 


ologic operations in the Trendelenburg position with the head hyper- 
extended and one of the arms abducted for i. v. fluid administration. WRIGHT 


1945) described a neurovascular syndrome produced by hyperabduction of the 
wm. He studied the effect of hyperabduction on the radial pulse in 150 young 
nen; in one third of them the pulse was easily obliterated and, after rather 
small! adjustments, in as many as 83 °,; only in 17 °,, was the pulse not affect- 
ed. He ascribed the compression to the passage of the artery under the pectoralis 
nino: and coracoid process or between the clavicle and first rib. The syndrome 
ippe. red after prolonged hyperabduction during sleep or work. 

According to StaMMERs (1950), Morissey, in students, studied the effect of 
ario), positions of the arm on the radial pulse. He confirmed the results of 
letro np & MorrersHeap and found that almost any muscular man can 
blite vte his radial pulse by active abduction of the arm against the trunk, 

) action of retraction (bracing of the shoulders) obliterates the pulse in 

'°. of normal men and women, that active abduction with extension 

dimir shes or obliterates the pulse in about 50 °, of normal cases, and that 
\dso) 5 test was positive in many normal individuals. 

S1 1946) measured the blood pressure in the arm held in different posi- 
lions. 1e often found a lowering of the systolic pressure, though moderate, 
when he arm was hyperabducted. 
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We have performed subclavian arteriography in 17 cases (Cases 1, 2 and | 
included) with the arm at the side as well as abducted as much as the pa 
could stand for some minutes, i. e. usually not an extraordinarily exagge1 
position. In a case diagnosed clinically as a scalenus anterior syndron 
arterial type there was, on abduction of the arm, nearly complete com 
sion of the subclavian artery at the site where it passed under the clavicle, 
collaterals were seen. Anterior scalenotomy was performed but at subseq 
angiography no improvement was evident (Fig. 7). In 5 cases there was 
a slight narrowing of the subclavian artery with no evidence of collatera 
abduction of the arm. In 11 cases the artery was not compressed at all o1 
duction. A narrowing of the subclavian artery in a purely mechanical wa\ 
thus be achieved when the arm is held in an unnatural position or in the 
ence of anatomical abnormalities in the thoracic outlet. Thus it seem 
necessary to resort to more or less elaborate theories about any mecha 
interfering with the sympathetic nerves, spasm of the muscles caused by 1 
compression, and so on. The reason why the compression syndrome is 
uncommon is that the exaggerated positions of the arm, often necessa1 
compressing the artery, are usually not maintained for any longer peri 
time. 


Complications caused by compression of the subclavian artery 

A pure compression of the subclavian artery will give only slight isch: 
of the arm as a rich collateral system is easily established. Fibrosis, ca 
permanent narrowing of the structures passing through the thoracic o 
will sometimes be produced by small, repeated traumata due to ordinary 1 
ments of the arm, neck, diaphragm, and increase the compression of the : 
(Case 2). If a thrombosis develops it may occlude some of the collateral 
increase the symptoms and make them permanent (Case 1). Only if em 
are thrown off out into the arm and block arteries more peripherally wi 
ischaemia be intense (Case 3). Gangrene is often localized only to one 
tip, usually the index finger, even if the block is in the brachial artery a1 
more peripheral vessels are patent. 

Occasionally, though rarely, a thrombus in the right subclavian arte: 
grown in a proximal direction and occluded the right carotid artery. A 
of the inferior part of the vertebral artery will usually give no symptoms 
other cerebral arteries, if normal, will be sufficient for the blood supply 
brain. If, however, the carotid artery is occluded or if emboli are thro 
into the cerebral arteries, hemiplegia or similar serious neurologic con 
tions may result (see Hoosier 1942). On account of the vascular anat 
corresponding phenomenon on the left side has never been described. 

The subclavian artery is sometimes dilated fusiformly just distal to tl 
rowing in the thoracic outlet. This aneurysmal dilatation has received 
attention and many theories have been propounded. Hatstep (1916 


ib- 


rv 
irly 
lol 


of 


lock 
th 
» the 
1 
lica- 


ny 


nar- 


radi 


fun 
tion 
thirs 
wor 
puls 
The 
den 
turl 
pres 
tion 
of tl 


CS- 
ne 
ni 
| 
CS- 
In- 
Sn 
mii 
ing 
tlet. 
ter 
and 
slies 
th 
1ge! 
th A 
he 
has proc 
| 
hol 
hs 
| rt 


fun 
tion 
thire 
WO! 
puls 
The 
sire. 
den] 
turl 


L.TERIAL COMPLICATIONS IN THORACIC OUTLET COMPRESSION SYNDROME 107 


Fig. 8. Non-opaque catheter was introduced into the first part of 
left subclavian artery but recoiled into aorta during injection. 
Subclavian artery cone-shaped and occluded at the origin of 


internal mammary artery which is narrow, and most of the 


collaterals to the arm probably stem from intercostal arterics 
given off by the thoracic aorta. 


nental experiments in animals and showed that the poststenotic dilata- 
‘came greatest when the lumen of the artery was reduced to about one- 
w perhaps one-fourth of its original size. HOLMAN (1954) continued the 
 HALsTeED and also made experiments with a circulatory model with a 
ing flow, which showed the mechanism of the poststenotic dilatation. 
elocity of flow increases at a constriction and when this rapidly ejected 
i strikes the more slowly flowing distal stream high kinetic energy is sud- 
converted into high potential energy or lateral pressure. The poststenotic 
‘nt eddies strike the walls of the vessel with alternating high and low 
e waves, which can be palpated as a thrill. After some time the oscilla- 
n pressure result in structural fatigue giving a poststenotic dilatation 
vessel. 


irombus may now and then be formed in the poststenotic dilatation by 
od platelets being damaged by the turbulent eddies; this may in turn 
e emboli in the arm and cause the same symptoms as mentioned. 


Roentgen diagnosis 

roentgenologic investigation is first directed towards the skeleton in the 
c outlet, with special regard to various anomalies and to fractures. 

graphy is however necessary for a correct and detailed diagnosis. OpMAN 
briefly mentioned a case of scalenus anticus syndrome with cervical 
1e figures show a bilateral narrowing of the subclavian arteries but no 
essel changes. We generally use Odman’s method with a straight catheter 
left subclavian artery and an S-shaped catheter for the right subclavian 
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Fig. 9. Case of operated and irradiated carcinoma of 
the right breast 14 years previously; no recurrence. 
The muscles of the right arm were weaker and the 
skin temperature was lower on that side. Irregularly 
narrowed subclavian artery with axillary artery 
occluded for a few centimetres. Internal mammary 
artery also irregularly narrowed and no larger col- 
laterals given off. The vessel changes were probably 
due to previous irradiation. 


artery; in adults we employ a PE 205 catheter. In elderly patients the « 
terization may be difficult, especially on the right side. In such cases th 
mon carotid artery is punctured and a thin polythene catheter (PE 16 
troduced against the blood stream down into the innominate artery (C: 
To prevent too much contrast medium entering the brain circulation, t 
rotid artery is compressed during its injection (SELDINGER 1957). 
Angiography by direct puncture of the subclavian artery was used by ( 
FORD et coll. (1959) but caused a pneumothorax in 20 °,, of the cases a1 
not been practised by us. Thoracic aortography has been employed by 
BoM (1957) and others in cases with impaired blood flow through the sub« 
arteries; he placed the tip of the catheter as near the origin of the desire: 
as possible in order to obtain as good a filling as possible of the brachioc: 


arteries. Selective injection directly into the desired vessel however is of 
preferable. STEINBERG (1957) and others used angiocardiography in 
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ration of the subclavian arteries. The quantity of contrast medium given 


be large however and nevertheless the concentration of the contrast 
um in the subclavian arteries will be low; for these reasons the method has 
been used at Lund. 

trograde catheterization of the subclavian artery from the brachial artery, 
times used by us in other cases, should not be used in cases of impaired 
lation of the arm and is also often impossible owing to occlusion of the 


s necessary to pay due regard to the position of the arm in performing 
ian arteriography. After serial angiography with the arm lying relaxed 
- side of body it is often advisable to complete the examination with a 
eries with the arm in another position, ec. g. hyperabducted or with the 
it in the sitting position with the arm loaded. The history and the clinical 
ination will reveal the position most likely to provoke arterial compres- 


erential diagnosis. Vhrombosis of the subclavian artery in the thoracic out- 
iy of course also be caused by conditions other than a compression syn- 
e.g. atheromatosis, syphilis and brachicephalic arteritis. These will 
y lead to wide-spread vessel changes. In brachicephalic arteritis the 
\vian arteries are often conically narrowed (WickBom 1957) and the col- 
ls mostly developed from the thoracic aorta via the intercostal arteries 
ot often from the internal mammary artery or the thyreocervical and costo- 
al trunks which themselves have a diminished flow (Fig. 8). 
liotherapy for carcinoma of the breast may produce narrowing of a fair 
of the vessel and sometimes thrombosis of the subclavian and axillary 
. but the vessel changes and the location are quite different from those 
compression syndrome (Fig. 9). 
ht narrowing of the subclavian artery occurring when the arm is placed 
unnatural position is of no diagnostic or clinical significance. If, how- 
omplete obstruction appears and collaterals are seen, a compression 
me may be regarded as present and complications may develop if the 
n is maintained for any length of time. 
irterial embolus can of course impair the blood supply to the arm, but 
bolus is thrown off from some pathologic part of the cardiovascular sys- 
hich may then be found. Acute ischaemia of the arm in a case of an 
s cannot be used as a differential diagnostic sign as the first evidence of 
ression syndrome may be a brachial embolus (Case 3). 
ography as well as a thorough study of the subclavian artery in dif- 
ositions of the arm during operation should clarify the position of the 
1 relation to its surroundings and indicate whether extirpation of some 
ony parts in the thoracic outlet is necessary. Supplementary vascular 
such as thrombectomy and sympathectomy is sometimes advisable. 
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SUMMARY 


The arterial complications in thoracic outlet compression syndrome is discussed. 


cases are presented. The angiographic technique is mentioned and the diagnostic va 


selective subclavian angiography is stressed. Valuable information may be obtained by 
angiography with the arm in various positions. 


ZUSAMMENFASSUNG 


Die arteriellen Komplikationen im ‘thoracic outlet compression syndrome’ wer 
Kiirze studiert. Es werden drei Falle prasentiert. Die angiographische Technik wird e1 
und der diagnostische Wert der selektiven Subclavia-Angiographie hervorgehoben. Wi 
Information kann durch Serienangiographie mit dem Arm in verschiedenen Position 
halten werden. 

RESUME 

L’auteur décrit briévement les complications artérielles du ‘thoracic outlet comp 
syndrome’. Il en présente trois cas. I] décrit la technique angiographique et souligne |’ 
de l’angiographie sous-claviére sélective. L’angiographie en série dans différentes p: 
du bras donne des renseignements de valeur. 
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HYDATIDIFORM MOLE DIAGNOSED BY PELVIC 
ANGIOGRAPHY 


by 


and INGMAR FERNSTROM 


‘value of pelvic angiography in the diagnosis of hydatidiform mole and 
carcinoma was the subject of previous papers (BoRELL, FERNsrROM & 
MAN 1955, 1958) and the details of the technique of this method of ex- 
ition were described by FERNsTROM (1955). At that time it had not 
susly been possible to describe in detail the angiographic appearances 
ited with hydatidiform mole because only one case had been examined 
lvic angiography and the major part of the tumour had then been re- 
| prior to the examination. 


latidiform mole has subsequently been diagnosed by pelvic angiography 
irther 5 cases. A careful review of the angiograms confirmed the diag- 
value of this method of examination and revealed certain characteristic 
rances. 


ical features. The relevant features of the 5 case histories are summarized 
Table on p. 114. 


the patients were nulliparous and their ages varied between 23 and 29 


nost cases the initial sign was vaginal haemorrhage or a blood-stained 
il discharge, first evident towards the end of the third month of preg- 


iitted for publication 6 March 1961. 


88. Acta Radiologica. Vol. 56. 
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Table 


Relevant features of the case histories 


lTime of} | Time of 

Previous| 4ppear- roent- | Time 
. a ne o . 

ance of gen of de- Delivery 
roentgen- 


Histologic: 


cies initiai exami- | livery* 
. | €Xamination 
| signs | nation 


\bnormally 14 2: Vaginal Hydatidiform 1 
enlarged evacuation 
Abnormally 15 Abdominal 
enlarged hysteroto- 
my 
1 mis- Consistent ; Spontaneous | Not available 
} Carriage with the 
duration of 
pregnancy 
Abnormally Vaginal Hydatidiform 1 
enlarged evacuation 
Abnormally : Abdominal 


enlarged hysteroto- 


my 


* Maturity in weeks. 


nancy. With the exception of one case in which the size of the uterus c 
sponded to the duration of the pregnancy, clinical examination revealed 
normal enlargement of the uterus. 

The patients were examined roentgenologically between the thirteenth 
nineteenth weeks of pregnancy. For purposes of comparison the angiog: 
of 30 patients who had been examined between the third and fifth mont! 
a normal pregnancy, were reviewed. All these last patients later under 
therapeutic abortion. 


Roentgen appearances 

A survey film of the abdomen was taken with the patient supine anc 
over-couch tube. In order to provide favourable conditions for the demon 
tion of the foetal skeletal parts, care was taken to avoid superimposition © 
maternal bony tissues on the uterus. The tube was therefore angled 15 t 
caudally. However, in no case was a foetal skeleton identified. 

The angiographic appearances differed from those associated with a 
mal pregnancy; with the exception of one case the intervillous spaces 
seen to be fewer in number and more widely separated as compared with 1 
in normal cases. 

The contours of the intervillous spaces were also characteristic, beir 
some places smoothly curved (Figs 1, 2, 5). 
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HYDATIDIFORM MOLE DIAGNOSED BY PELVIC ANGIOGRAPHY 


Fig. 1. Hydatidiform mole (Case 2). Four seconds after end of injection of 
contrast medium. The intervillous spaces are clearly visible: they are sparse and 
some have smoothly curved contours (arrows). 


Fig. 2. Hydatidiform mole (Case 3). Four seconds after end of injection of con- 
trast medium. A large number of intervillous spaces, some of which have smooth- 
ly curved contours (arrows). 
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Fig. 3. Normal intra-uterine pregnancy at 4th Fig. 4. Missed abortion at 4th month of | 
month. Four seconds after end of injection of medi- nancy. Four seconds after end of injectior 
um, numerous intervillous spaces, lying closely medium, the intervillous spaces are seen i 
together and with irregular and frayed contours. form of irregular opacities that are not fra 


The tumour was removed either by abdominal hysterotomy or by vagi 
evacuation. The clinical and roentgen diagnoses of hydatidiform mole \ 
confirmed by histologic examination in all but one case (Case 3). In this lat 
case the concentration of chorionic gonadotrophin in the urine was det 


mined immediately after pelvic angiography and was found to be marke: 
increased. This also strongly suggested the presence of a hydatidiform m« 
Four weeks later the patient, then abroad, was delivered spontaneously a 
according to information given by letter, produced a mole. Histologic exami 
tion of the tumour was not carried out. 


Discussion 


The clinical diagnosis of hydatidiform mole may be difficult, the only reli: 
diagnostic sign being the presence of vesicles in the vaginal discharge. Hi 
ever, this may be a comparatively late manifestation and before the expul: 
of vesicles only a tentative clinical diagnosis can be made, usually based 
excessive enlargement of the uterus associated with a watery and blood-stai 
vaginal discharge. The concentration of chorionic gonadotrophin may | 
guide to the diagnosis. 

Roentgen examination of the abdomen and bony pelvis may often b: 
considerable value in this condition. The absence of the foetal skeleton in 
survey films is a suggestive feature. But as the foetal skeleton is rarely s 
ciently calcified to be visible in films taken prior to the sixteenth week of p 
nancy a survey film of the maternal abdomen at that time will be of | 
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HYDATIDIFORM FORM DIAGNOSED BY PELVIC ANGIOGRAPHY 


Fig. 5. Schematic representation of intervillous spaces: in normal pregnancy 


middle), hydatidiform mole (left) and missed abortion (right). 


‘in the diagnosis. The absence of foetal parts led to the correct conclu- 
in the two patients of the present series who were examined roent- 
logically after the sixteenth week of pregnancy. 
lvic angiography enables the diagnosis of hydatidiform mole to be made, 
yective of the duration of pregnancy, because the appearances are already 
icteristic at a very early stage of gestation, the outstanding features being 
thly curved contours of some of the intervillous spaces (Figs 1, 2, and 5, 
ketch) ; the stroma of the villi undergoes cystic degeneration, which results 
e formation of vesicles that vary in size from 1 mm to more than | cm 
account for the smoothly curved contours of the intervillous spaces. 
mstration of only a small number of intervillous spaces is a further guide 
‘ diagnosis. It is possible that the majority of the intervillous spaces are 
utlined because they are filled with vesicles. 
all the cases of the control group, a large number of intervillous spaces 
irregular and frayed contours were visible (Figs 3, 5, middle sketch). 
rtain circumstances, such as missed abortion, the villi undergo necrosis, 
itervillous spaces being thereby enlarged. The latter are then demon- 


d as relatively large opacities, with irregular contours but not frayed 
t and 5, left 


tudy of the angiographic appearances of the intervillous spaces thus 
it possible to differentiate between normal and oedematous or necrotic 


vic angiography has also been found to be helpful in the diagnosis of 
lestruens and choriocarcinoma (BorELL et coll. 1955, 1958). This method 
mination may prove to be of particular value in cases of intramural 
carcinoma which are difficult to diagnose clinically. Characteristic 
es of the angiogram are hypervascularity of the uterus, particularly at 
e of the tumour, and irregularly outlined cavities, as well as arteriove- 
stulae within the area of the tumour. The angiographic appearances of 
lestruens and choriocarcinoma therefore differ greatly from those as- 
d with hydatidiform mole. This enables the differential diagnosis be- 
these conditions to be made. 
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The diagnosis of hydatidiform mole would probably be difficult if on 
minor degree of cystic degeneration were present because the changes in 
villi would be too small to be demonstrated. In such cases the appeara 
could easily be confused with those associated with a normal pregnancy. 
this reason it is advisable to keep the patient under careful observation 


to perform further pelvic angiography a few weeks later if the presenc 
hydatidiform mole is still indicated. 


SUMMARY 


Pelvic angiography confirmed the clinical diagnosis of hydatidiform mole in 5 cases. | 
villous spaces with occasional smoothly curved contours were a characteristic feature « 
condition. The differential diagnosis is discussed. 


ZUSAMMENFASSUNG 


Eine Beckenangiographie bestatigte in 5 Fallen die klinische Diagnose einer Blasen: 
Die intervillésen Raiume mit gelegentlich sanft gekriimmten Konturen waren ein fir 
Erkrankung charakteristisches Bild. Die Differentialdiagnostik wird besprochen. 


RESUME 
L’angiographie pelvienne a confirmé le diagnostic clinique de mdle hydatiforme d 
cas. Les signes caractéristiques de cette affection sont les espaces intervilleux, limit: 
endroits par des contours courbes réguliers. Le diagnostic différentiel est étudié. 
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RIATION IN SIZE OF SPLEEN INDUCED BY WATER 


LOAD AS DIAGNOSTIC TEST OF JAUNDICE 
by 


TorRsTEN ALMEN and LARs ANDREN 


REN (1957) described a splenic reaction test based on the measurement of 
gan before and after the ingestion of a relatively large amount of fluid. 
mal spleen was feund to increase | to 2 cm in length on the ingestion 


‘ litre of water, the enlargement disappearing within an hour; in certain 


‘s including hepatitis no such enlargement was demonstrable. This 
sted the present investigation of the effect of a water load on the size of the 
in a large series of cases of jaundice. 


hod. The patients were examined in the prone position with the beam 
il (FFD 1.5 m). One film was obtained before the ingestion of the water, 
three films at short intervals following it, and one film 60 minutes later. 
liately prior to the exposure of each film the patient was given a little 
ater in order to ensure that gas was present in the fornix of the stomach; 
he fornix filled with gas, the outline of the upper pole of the spleen is 
to define. 


rial. The material consisted of 13 cases of obstructive jaundice and 46 
hepatocellular jaundice. 


tted for publication 30 December 1960. 
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Number 
of cases 


RISING SERUM BILIRUBIN 


[__] FALLING SERUM BILIRUBIN 


0 05 10 15 20 25 3.0 cm 


Fig. 1. Increase in length of spleen by water 
load in 13 cases of obstructive jaundice. 


All the patients with obstructive jaundice had a raised serum alkaline 
phatase, and one of the following surgically verified conditions: (1) st 
the common bile duct, (2) stricture of the common bile duct with dilatati 
the ducts above the stricture, (3) stone in the gallbladder + dilated co: 
bile duct + biliary stasis and (4) cholecystitis + cholangitis + a dilated 
mon bile duct containing thick bile. 

Of the 46 cases of hepatocellular jaundice the condition was due to epi: 
hepatitis in 43, to inoculation hepatitis in 2 and to drug (Marsilid) poison 
1. The diagnosis of epidemic hepatitis was based on a known exposure 
epidemic, to clinical features, to a raised serum transaminase or other si 
hepatocellular damage, and in 2 cases on liver biopsy. 

The spleen increased in length by at least 1 cm in all the 13 cases of obsti 
jaundice following the ingestion of the water, seven of the cases being exai 
while the serum bilirubin was rising and six while it was falling (Fig. | 
length of the spleen averaged 13 cm (range 10 to 16 cm). 

Thirteen of the 46 cases of hepatocellular jaundice were examined wh 
serum bilirubin was rising, and in 10 the length of the spleen remain: 
altered, or increased at the most by 0.5 cm and in | case by | cm (Fig 
these cases the length of the spleen averaged 16 cm (range 12 to 23 cm 
remaining 33 cases were examined while the serum bilirubin level was ret: 
to normal; in 8 the spleen increased in length by less than 0.5 cm, in 7 
than 1 cm, while in 18 cases the spleen reacted in a normal way, i. ¢ 
creased by more than | cm. The length of the spleen before the test in tl 
cases averaged 14 cm (range 10 to 18 cm). 

Seventeen of the cases of hepatitis were examined on twooccasions at ani 
of 1 to 12 weeks. Fifteen patients recovered from their jaundice and 1 
them the spleen was smaller on the second occasion; in 11 of them th 
reacted more markedly to the second test. In 2 patients the spleen wa: 
on the second occasion and reacted less strongly to the test. Both of thes: 
recurrence and one died in hepatic coma. 
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VARIATION IN SIZE OF SPLEEN INDUCED BY WATER LOAD 


Number 
of cases 


20 


| 
05 10 15 20 25 3u0 cm 


Fig. 2. Increase in length of spleen by water load 
in 46 cases of hepatocellular jaundice. 


Results 


of the cases of obstructive jaundice reacted to the test in a normal way, 
in increase of more than | cm in the length of the spleen. Two cases were 
subjected to surgical exploration for probable obstructive jaundice. In neither of 


was the water load followed by any increase in length of spleen and the 
as thus against obstructive jaundice. In both cases the bile ducts were of 
il appearance and liver biopsy showed liver necrosis. Of the 13 cases of 
cellular jaundice examined while the serum bilirubin was rising, only 
eacted in a normal fashion to the water load, while in all the cases of 
ictive jaundice the water load was immediately followed by elongation of 
leen by 1 cm or more. 

the cases of obstructive jaundice the average length of the spleen was not 
at as in the cases of early hepatitis (13 cm against 16 cm). In the cases of 
itis which healed and which were examined twice, the length of the spleen 
‘ss, and the organ reacted more markedly to the water load on the second 
ion than on the first. 


Discussion 
DREN (1957) offered the following tentative explanation for the reaction 
spleen to the water load: ‘The ingestion of such a relatively large amount 
ter may increase the flow of the blood through the portal system and 
yy the portal pressure. This possibility is supported by the finding that 
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the enlargement diminished considerably or disappeared as soon as the si 


It 


} 


assumed the erect posture. The decrease in size on change of posture is pro! }| 


due to a decrease in hydrostatic pressure in the splenic vein’. ATKINs: 
SHERLOCK (1954) and Davis et coll. (1954) showed that the intrasplenic 
pressure closely reflects the portal pressure. 

ReicHMAN and Davis (1957) stated that the intrasplenic pressure as mea 
by puncture is increased in the acute phase of hepatitis but is on the averag 
third lower during convalescence. 

The increase in the portal pressure may be responsible for splenomeg: 


red 


ne 


“In 


the early stage of hepatitis, an increased tension of the capsule of the s) cen 


preventing the normal reaction of the spleen to an increased flow of | 
through the vena porta. On regression of the hepatitis, portal stasis regi 
the enlargement of the spleen decreases, and the spleen is then again al 
react in a normal way to variations in the portal pressure induced by the \ 
load. 

ARONSEN and NyLANDER (1960) have shown in dogs that contrast me 
injected for lienoportal venography passes through the liver quicker \ 
the common bile duct is ligated suggesting that such ligation does not pro 
portal stasis. This fits in well with our observations that in human subjects 
obstructive jaundice the spleen reacted in a normal way to the water loa 

The investigation provides support for the assumption that the chang 
the size of the spleen following the ingestion of a relatively large amou 
water are due to changes in the portal pressure. 


The water load test is thus a useful tool in the differential diagnosis of | 
dice, and is of value in following the course of hepatitis. The spleen is enla 
in the acute phase of hepatitis. 


SUMMARY 


Application of the water load test of the spleen in a series of 59 cases of obstructive and 
tocellular jaundice proved that the test is reliable in the differentiation between these tw: 
of jaundice and that the spleen is enlarged in the acute phase of hepatitis. 


ZUSAMMENFASSUNG 
Anwendung der Wasserbelastungsprobe der Milz hat sich in einer Serie von 59 Fall 
obstruktiver und hepatozellularer Gelbsucht in der Diflerenzierung dieser zwei Gelbsucht: 
als zuverlasslich erwiesen und ergeben, dass die Milz in der akuten Phase der Hepatit 
grossert ist. 


RESUME 
L’application de l’épreuve de surcharge hydrique de la rate dans une série de 59 cas cl 


par rétention et par hépatite a montré que cette épreuve est fidéle pour différencier c« 
types d’ictére et que la rate est augmentée de volume 4a la phase aigiie de l’hépatite. 


od 


um 


nen 


uce 
ith 


un- 


ved 


Da- 


Des 


|| 
|_| 
Ses. 
to 
tel 
in 
ol 
on 
en 


VARIATION IN SIZE OF SPLEEN INDUCED BY WATER LOAD 
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FROM THE INSTITUTE OF GENERAL PATHOLOGY (DIRECTOR: J. BICHEL), UNI\ 
OF AARHUS, AND THE RADIUM CENTRE FOR JUTLAND (DIRECTOR: C, KRI 
AARHUS, DENMARK. 


EXPERIMENTS WITH LITHIUM IN CHEMOTHERA 
OF CANCER 


by 


JORGEN HastRuP 


A constantly increasing number of patients in the manic phase of manic- 
depressive psychosis have been treated with lithium during the last 10 years. 

Professor F. H. Shaw, the pharmacologist of Melbourne, visited the Institut 
of General Pathology in 1958. He mentioned that an antineoplastic eflcct « 
lithium had been observed in patients with manic-depressive psychosis wh 
also suffered from cancer and suggested that these observations mig\it bi 
investigated. 

It has repeatedly been shown that lithium is capable of inducing a ¢ 
change in embryonic tissue, e. g. sea-urchin eggs, resulting in develop 
anomalies. In addition, lithium interferes with metabolic processes in vy. rious 
tissues through a change in the catalysis of reactions in which energ: -rich 
bonds change places. (For a survey of the pharmacologic and biologic »rop- 
erties of lithium the reader is referred to Scuou 1957.) 

According to CHEVREMONT-CoMHAIRE 1953, lithium is able to chan: © th 
growth curves for chick fibroblasts and myoblasts in tissue culture anc gives 
rise to a prolonged metaphase and the development of cells with abn rmal 
nuclei. TRAUTNER et coll. showed that the administration of lithium r ‘uces 
the number of corpora lutea in pregnant rats, and interpreted this obser ‘tion 
as a result of a growth-inhibiting effect of lithium on the rapidly prolife ting 
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EXPERIMENTS WITH LITHIUM IN CHEMOTHERAPY OF CANCER 25 


the ova and follicles. This paper deals with the investigations of the 
jlastic effect of lithium both in animals and clinical experiments. 


l experiments. The action of lithium was studied in a lymphatic leu- 
tumour, NJ, in AKA mice and in an adenocarcinoma, PBH, in C,H 
oth these tumours are homologous since they have arisen and been 
lanted in the respective inbred mouse strains. The transplantation of 
ours was performed by the subcutaneous injection of approx. 10® 
cells into the right axilla, all injections resulting in ‘takes’. Lithium 
n by daily intraperitoneal injections of LiCl prepared from the stable 
the control animals were given similar injections of NaCl. In the 
ents with the lymphatic tumour NJ, lithium was administered in doses 
Eq/kg and 5.0 mEq/kg daily. 
»w dose, given from the first day after transplantation, had no influence 
irvival time of the animals which like the control animals died in from 
days. When the dose was increased to 5 mEq/kg daily, given from the 
ay after transplantation, the treated animals died before the controls. 
ilated AKA mice tolerated 5 mEq/kg daily for more than 20 days 
the development of any toxic symptoms. In similar experiments with 
iocarcinoma PBH, even the low dose of 2.5 mEq/kg daily killed the 
inimals in about 20 days while the controls lived for about 28 days; 
ty experiments on uninoculated animals this dose was tolerated for 
in 40 days. The high dose of 5 mEq/kg daily that was commenced 
the experiment, likewise exerted only a toxic effect and killed the 
in about 16 days after the transplantation. All animals which succumb- 
studied histologically, but no changes in the composition of the tumour, 
es or leukaemic infiltrations into the organs of the animals were 
rated. 
imour size was followed in both series of experiments. In the experi- 
vith NJ leukaemia, no difference in the size of the tumours in the 
animals and the controls could be demonstrated but in_ those 
PBH adenocarcinoma, the tumours grew more slowly in the 
han in the control animals. However as the former lost weight more 
han the latter, no significance can be attributed to the lower tumour 
ate in the treated animals in the evaluation of the effect of lithium 
ertain relationship exists between the nutritional state of the animals 
tumour growth. 
r experiments were performed with the tumour types tabulated 


Designation Type of tumour Mouse strain 
JBI Reticulosarcoma 

Krebs II Anaplastic carcinoma 

GH Adenocarcinoma 

Ehrlich Carcinoma 
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Lithium given in daily doses of 3 mEq/kg, however, did not proloi 
survival time of the mice or inhibit the tumour growth in these experi: 

It appears from these data that lithium exerted no antineoplastic eff 
the mouse tumours studied. It is worth noting that the tumour-bearing a1 
did not tolerate lithium so well as similar healthy animals. Smuon, Tra 
and Coats have recently reported an experiment in which they foun 
mice with an Ehrlich ascitic tumour retained larger amounts of lithiun 
the control animals, both after subcutaneous and oral administration. 
present experiments, no Li analyses were carried out on the tumour-b 
animals. Serum analyses (performed in the Biochemical Laboratory 
State Mental Hospital, Aarhus) during the toxicity experiments gave 
similar to those obtained by Scuou after treatment of rats with toxic d 
lithium. These animals died from renal damage (upper-nephron nep! 


Clinical experiments. A small group of patients with malignant dis: 
as given below, were treated with lithium, during which period they r 
no other form of specific therapy. 


Malignant disorder No. of patients 


Myelomatosis 

Hodgkin’s disease 
Lymphosarcoma 
Carcinoma of the breast 
Carcinoma of the kidney 
Mycosis fungoides 


None of these cases revealed a favourable effect which could reasona 
ascribed to lithium; on the other hand, certain side-reactions were ob 

Manic patients are usually given an initial dose of 1 800 mg Li,CO 
followed by a maintenance dose of 600 to 900 mg daily. It soon appear: 
patients with malignant disorders were unable to tolerate these high 
This is illustrated by the following brief case history: 


A woman, aged 25, had suffered from Hodgkin’s disease since 1955 and had been tre: 
several courses of roentgen irradiation, d-l-diepoxybutane, T. E. M., and phenylb 
On admission on 10 October 1958, she was acutely ill with high fever; she had an 
spleen and was troubled by itching of the skin and nausea. Haemoglobin (after thi 
fusions) 62 °,, creatinine clearance 88 ml/min, weight 60 kg. The patient showed 
intolerance to alcohol (BicHEL). On 27, 28, and 29 October, she was given Li,CO,, 300 
The next day the patient complained of a feeling of weakness in the limbs, accomp 
tremor of the hands. Serum Li was determined as 2.47 mEq/l (a value exceeding 2 
may be toxic); accordingly, the dose was reduced to 300 mg « 2. On 31 October onl 
Li,CO, were given, but confusion, marked tremor and sopor developed, gradually fa 
coma. The patient was still unconscious the following day although the serum Li after | 
fluid therapy, chiefly with NaCl, had fallen to 1.28 mEq/l. On 2 November the 
had fallen to 1.00 mEq/l, and the patient was awake and could drink water unaide: 
the next few days, her condition improved, and on 5 November she responded rat 
questions, although her speech was still slow and slurred. The serum Li was now 0.2 


lithi 


time 


had 


‘ 
th 
th 
it = 
ring = 
t] = 
CS 
reali 
dion had 
vhic 
ceive 
lo p 
9 Wal 
ily | ere 
to th 
dail 
| thi \arl 
loses thir 
lt 
tis 
trans- 
lark ay 
ml od 
300 meg th 
gil nera 
Haut 

im | 

During 

all 
nk 


daily 
| that 


dos 


time 
had 
his p 


his ri 


evenil 
wa\ 
occul 

drean 
Iti 


mera} 


ere not demonstrated. The side-reactions may perhaps be partially ascribed 


to the 


to lith 
\arhu 


lithiur 
It i 
tis | 
ppea 
ected 
experi 
ay | 
Ne 
r 
s tha 
theray 
Hauts 


EXPERIMENTS WITH LITHIUM IN CHEMOTHERAPY OF CANCER Z/ 


ays later, Li,CO, treatment was resumed, with 300 mg daily, but as mental dullness, 

and excessive thirst accompanied by a coarse tremor and muscular fasciculations 
d after about 10 days the treatment was discontinued. During the latter period of 
it the serum Li was at a maximum of 0.56 mEq/l. 


it symptoms of lithium intoxication developed in several other patients, 
of small doses and a relatively low serum Li level. 

e patients had certain peculiar hallucinatory experiences during the 

treatment. A 34-year-old man with lymphosarcomatosis stated at a 
hen his serum Li occupied a level of from 1.10 to 1.50 mEq/l that he 
eeling as though he were lying on his left side in the bed, although from 
ition in relation to the room, he realised that he was acutally lying on 
t side. He also thought he had seen someone (the author) get up from a 
t the bedside and walk round the bed back to the chair; he afterwards 
| that these observations were not founded upon objective reality. He 
ilar fleeting impressions during the following two days. Two other male 
s, aged 44 and 61, both suffering from myelomatosis, had hallucinations, 
had certain features in common, during a course of lithium therapy 
n the out-patient department. They thought they had seen and spoken 
ile both known and unknown who had appeared in their homes in the 
» or at night. One of the patients even went so far as to send the ‘visitors’ 
nd lock the front door behind them. These experiences seem to have 
d in the dark, and it is very difficult to distinguish between them and 


ay be concluded from these few clinical experiments that lithium has no 
‘utic effect on the disorders concerned. Specific changes in the blood 


elatively poor general condition of the patients; similar violent reactions 
um therapy have not been observed in the State Mental Hospital at 
where a large number of manic patients have been treated with 


difficult to assess the hallucinatory experiences of the three patients; 
yond dispute that they occurred during lithium treatment and dis- 
‘d when this treatment was discontinued. One of the patients was sub- 
to a psychiatric examination by Dr Strémgren who concluded that the 
neces seemed to be of a hypnagogic origin; the possibility that the lithium 
ve been a contributory factor in their development cannot, however, 
uded. No reports on observations of similar hallucinatory experiences 
ilable in the literature, but BLEULER of Ziirich has recently informed 
he had observed genuine hallucinations in one patient during lithium 
“Die Patientin halluziniert lebhaft Miicken, optisch und mit dem 
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SUMMARY 


The treatment with lithium of malignant homologous mouse tumours and of 13 patien 
malignant disorders produced no antineoplastic effects. A diminished tolerance to lithir 
observed both in the tumour-bearing mice and in the patients. 


ZUSAMMENFASSUNG 


Die Lithiumbehandlung von bésartigen homologen Mausetumoren und von 13 Pa 
mit malignen Stérungen erzeugte keine antineoplastische Wirkung. Eine Herabsetzu 
Lithiumtoleranz wurde sowohl bei den tumortragenden Mausen als auch bei den Pa 
beobachtet. 


RESUME 
Le traitement par le lithium de tumeurs malignes homologues chez des souris et d’af} 


malignes chez 13 malades n’a eu aucun effet antinéoplasique. On a constaté une dim 
de la tolérance au lithium chez les souris porteuses de tumeurs et chez les malades. 
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THE DEPARTMENT OF RADIATION THERAPY (DIRECTOR: WALTER T. MURPHY ) 
HE DEPARTMENT OF STATISTICS (DIRECTOR: IRWIN D. J. BROSS), ROSWELL 
PARK MEMORIAL INSTITUTE, BUFFALO, NEW YORK, U. S. A. 


EVALUATION OF THE PLACEBO EFFECT IN THE 
TREATMENT OF RADIATION SICKNESS 


by 


Joun A. Parsons, Joun H. WesBsTER and J. E. Dowp 


In a recent study made in the Department of Radiation Therapy of this 
Institute, it was found that 61 to 72 ° of all patients suffering from so-called 
radiation sickness would respond favorably to placebo medication. A few 
vears ago, the drug literature was suddenly flooded by an increasing number 
of drugs of purported value in the treatment of radiation sickness. Although 
this syndrome had never been considered a problem in this department, it 
was felt that an evaluation of the comparative effectiveness of these drugs 
might be desirable. Another important factor to be considered was the variable 
cost of these drugs. Prior to this, the drug of choice in the treatment of patients 
developing radiation sickness was pyridoxine. This drug, although maintaining 
a degree of popularity in many centers (MAXFIELD 1943, and SHorvan 1949), 
has proven rather costly to the patients. 

A double blind study was therefore designed to compare eight different 
drug:, each purported to be equally effective in the treatment of radiation 
sickness, but before proceeding with the study, it was deemed necessary to 
expl_re certain aspects of methodology and to evaluate certain variables of 
poss! ole consequence to the determination of drug effects. 


Su’ mitted for publication 16 January 1961. 
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The patients were grouped according to whether they were receiving r: 
tion below or above the diaphragm. No attempt was made to classif\ 
patients according to the size of the field irradiated or the daily dosage. 
would divide the patients into groups too small to study; the influen 
these factors could be evaluated at the conclusion of the study. 

A variable of possible equal importance might be the day of the we 
which a patient first experienced symptoms, as patients treated in this de 
ment receive radiation therapy Monday through Friday; the day of ons 
symptoms might thus provide a rough index of the amount of exposu) 
irradiation after a period of rest (i. e. the week-end). The total radiation do 
prior to experiencing symptoms, may also conceivably contribute to sym; 
severity. 

The probable existence of a large proportion of placebo reactors in thy 
treatment and control groups among patients reporting symptoms of radiation 
sickness would reduce observed differences and obscure real effects. [his 
influence could be obviated by excluding placebo reactors, or it could bi 
eliminated by numerical adjustment. Exclusion depends upon the use of « 
screening procedure, and a variety of specific procedures are possible. Numieti- 
cal adjustment depends on having a reliable estimate of the proportion o| 
placebo reactors, but the existing literature does not provide such an estimate. 
It was therefore decided to set up a methodologic study preliminary to th 
systematic evaluation of drug effectiveness in relieving symptoms of radiation 
sickness. It was decided to employ a known anti-emetic (prochlorperazine- 
SKF, kindly supplied as ‘Compazine’ by Smith, Kline and French Labora- 
tories), 5 mg and 10 mg t.i.d. along with placebo medication (Lactose . 
with the following objectives in view: 


1. To estimate the proportion of placebo reactors among patients reporting 
symptoms of radiation sickness. 


2. To determine the extent to which the proportion of placebo reactors is 

related to: (a) the locus of irradiation (i. e. above and below diaphragm. 
(b) the day of onset of symptoms, (c) the order of treatment with placebo 
and trial anti-emetic compounds. 
To evaluate, if possible, the effectiveness of prochlorperazine as an anti- 
emetic for radiation sickness and determine the extent to which its efficacy 
is related to: (a) patient classification variables, (b) the order of treatiment 
with placebo and trial compounds, (c) dose (5 mg vs 10 mg t. i. d.). 


Method of study 


Although the syndrome of radiation sickness is said to include a voviet) 
of symptoms: nausea, vomiting, anorexia, malaise, prostration, head che. 
dizziness, and weight loss, it was felt that we could accurately base our diag 10sis 
only on the first two (i. e. nausea and/or vomiting). In deference to the plea 
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Table 1 
Pattern of medication 


tering Envelope Envelope Envelope Envelope 

y No. 0 No. | No. ? No. 3 

iV 0 Drug trial No. | Placebo for + days Drug trial No. 2 
for 3 days for 3 days 


1 i) for 3 days for 3 days for 3 days 


? 


lay Placebo for + days for 3 days for + days for 3 days 


sday 0 for 3 days for 2 days for 3 days 
> 
) 


» for 3 days for 3 days for + days for 3 days 


ier authors (ELuis and STOLL) it was decided to attempt to evaluate the 

toms of anorexia and lassitude individually. 

has never been our practice to give anti-emetics throughout the course 

diation therapy as a prophylactic measure against radiation sickness. 
We do not agree, furthermore, that this eliminates the psychic element as 
statcd by other authors (SILVERMAN et coll.). 

Any patient receiving radiation therapy to any area of the trunk at our 
institute and reporting symptoms of radiation sickness was eligible for inclusion 
in this study. A patient was excluded only when the radiation sickness was 
judged so severe as to interfere with the course of radiation therapy. 

Subjects were classified on the basis of two variables: locus of radiation 
above or below the diaphragm) and day of the week entering study. Ac- 
cordingly, there were ten subject groups: two for each of five days. Patients 
could not enter the study on Saturday or Sunday. 

A placebo compound (Lactose) and two dosage levels (5 and 10 mg) of 
prochlorperazine were used as treatment drugs. All were prepared in No. 2 
pink capsules, and dispensed in envelopes distinguishable only by number. 
A drug trial consisted of three capsules daily on three consecutive days. 

Every subject was to experience a three-day trial of two different compounds: 
one of placebo and one of either 5 mg or 10 mg of prochlorperazine. Both 
orders of these two drug combinations were used equally often. The resulting 
our treatment groups are identified by letter below: 

Group First trial Second trial 
Placebo 3 mg prochlorperazine 
5 mg prochlorperazine Placebo 
Placebo 10 mg prochlorperazine 
10 mg prochlorperazine Placebo 


Piacebo capsules were given on certain days in addition to the trial period, 
as sh own in Table 1. 

Tie use of placebo capsules on week-ends and initially for patients entering 
the :tudy on Thursday or Friday was known to the medical staff; however, it 
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Table 2 
Patients excluded from study 

Site of radiation 

Reason for exclusion: Above Below 
diaphragm diaphragm 

Did not follow instructions 3 
Complications in patient’s condition : 0 
Response pattern to pills not interpretable 
Unreliable history of symptoms ....... 
Radiation therapy discontinued 
Patient refused to continue medication ........ 


Total 


was not known to them that in any of the drug trials placebo capsules were «lso 
used. Before starting the second drug trial, the patient was withdrawn trom 
the study for a period of at least 48 hours if his symptoms had disappeared. 
If symptoms reappeared the second drug trial was begun. 

Patients were allocated to the treatment groups as follows: within successiv 
sets of four individuals, one was randomly assigned to each treatment group, 
and assignment in one subject category was independent of every other. The 
order of assignment of patients to treatment groups was not known to the 
medical personnel. ‘Treatment was assigned by taking the first unused envelope 
from an appropriate prearranged set. Ten sets of envelopes, one for each subject 
category, were used. 


The envelopes were identified only by serial number and subject category, 
each containing the correct number of capsules to supply one patient through- 
out the study period. 

The patients were interviewed daily throughout the course of study to 
obtain an evaluation of symptom severity and toxic effects. Evaluations were 
recorded on individual forms prepared for this purpose. 


Results and Discussion 


An attempt was made to evaluate the symptoms of anorexia and lassi\ud 
individually, and in combination with the symptoms of nausea and vomiting. 
This proved to be unproductive in large part because many of the patients 
had suffered from these symptoms for some time preceding the onset of rodio- 
therapy. In some cases this could be ascribed to the extent of the disease and 
in some to their apprehension in the knowledge that they suffered rom 
malignant disease. Therefore, the results reported are based on relief o' the 
symptoms of nausea and vomiting. 

Of the 126 patients who initially displayed symptoms of radiation sick .¢ss, 
only 52 completed the series of two drug trials. Fifteen patients were exc! ded 
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Table 3 
Patients not completing sequence of drug trials 
Site of radiation 
for not completing study: Above Below 
diaphragm diaphragm 

urrence of symptoms between trials 2 
ion therapy discontinued l 
ications unrelated to drug therapy 
t refused further medication 


> 
) 
2 
J 
9) 


Total 


fron the study for the reasons shown in Table 2 and do not appear again in 
any urther tabulations or in any of the conclusions drawn about placebo or 
drug effects. 

O: the remaining 111 patients, who completed at least one drug trial of the 
sequence and who contributed usable information to the study, 59 did not 
complete the full sequence of trials. The reasons for this attrition of the series 
through noncompletion are given in Table 3. As seen, the most frequent cause 
of noncompletion is the failure of the patient to redevelop symptoms of radiation 
ickness between drug trials on days when no pills were given. If no further 
symptoms developed when the medication was withdrawn, the trial was 
stopped since there were no symptoms against which to evaluate drug response. 
[he 18 patients who discontinued radiation therapy before completion of the 
drug trial were those who did not develop symptoms of radiation sickness 
intil later in the course of radiotherapy, or those who had courses of radio- 
therapy shorter than originally foreseen. Of the complications, there were 
four cases of severe and protracted vomiting (three irradiated below the 
liaphragm) and one case of cardiac decompensation. 

A patient was deemed to have an unequivocal response ) if his or her 
ymptoms of radiation sickness disappeared during administration of any 
me compound. No response was recorded as (——). As seen from Table 1, 
patients entering the study on Thursday or Friday received an initial few 
lays of placebo medication and then proceeded with Drug trial 1. Since all 
patients completed at least the first Drug trial plus Envelope 2 of placebo 
medication, it was possible to obtain an indeterminate response. If there was 
ny doubt about the response of a patient to medication, this was recorded 
iS —). This situation arose when symptoms disappeared during ad- 
ministration of one compound, were held in abeyance during the administra- 
tion “f the succeeding compound, and then did not reappear when all medica- 
ion vas withdrawn. This occurred in twenty cases. If a similar study were 
io be conducted in the future, we feel it would be advisable to allow a lapse 
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of time between each medication whenever symptoms disappeared d 
administration of the first medication. This would eliminate the indeterm 
groups. 

In the series of 52 cases, who completed the entire sequence of drug 1 
there were two patients who responded completely to the initial pl: 
medication started on Thursday or Friday, and did not redevelop sym 
before starting Drug trial | on Monday. Response to prochlorperazi) 
Drug trial | is therefore considered ambiguous. Two cases in this group 
also inadvertently started on Drug trial 2 without a lapse of 48 hours wi 
drug to see if symptoms would reappear. Both of these cases received pl: 
medication in Drug trial 2, and since their response had been interpreted 
previous medication, this trial was disregarded. 

In the series of 59 cases who did not complete the entire sequence of 
trials, but did complete the first drug trial, some information can be obt 
from each patient. Again, six patients entering the study on Thursday 
Friday responded completely to the initial placebo medication and therefor 
their response to prochlorperazine given in the first drug trial is consicere: 
ambiguous. Ten patients responded completely to prochlorperazine in th 
first drug trial, and therefore their response to the placebo spacer (Envelope 2 
was considered ambiguous, even though they did not redevelop symptom 
when all medication was withdrawn. In the entire series, there were 78 patient 
in whom a response to both prochlorperazine and the placebo could be evalua- 
ted. Fifty-one (65.5 °%,) responded to the drug, but many of these also re- 
sponded to the placebo. Eight (10 °,) were classified as an indeterminat 
response. Nineteen cases (24.4 %) showed no response to the drug. Thirteen 
of this latter group showed no response to placebo either, but six cases wer 
classified as placebo reactors. 

On further review of these six cases, it is felt that in only one case was ther 
an unequivocal response to placebo and an actual increase in symptoms whe! 
the patient was receiving prochlorperazine. This seeming contradiction ma‘ 
be explained by the fact that the radiation dosage was increased the day prio 
to the switch to prochlorperazine. Two of the remaining five cases expericnee 
very mild nausea while receiving prochlorperazine, for which they wer 
classified as non-reactors. The three other cases responded to placebo at on 
point but failed to respond to placebo at another point. These might hav 
been classified as indeterminate responses. 


Placebo reactors. Response to placebo medication given initially to ‘hos 
patients entering the study on Thursday or Friday could be classifi d a 
effective (++) or ineffective (——) depending upon whether sym tom 
disappeared or remained. Response to placebo medication given after rug 
trial | as a spacer could be judged effective only if the patient still experi nee 
symptoms after Drug trial 1. If the patient did not have symptoms « : thi 
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PLACEBO EFFECT IN THE TREATMENT OF RADIATION SICKNESS 


Table 4 
Percentage of placebo reactors classifte d by site of radiation 


Percentage placebo reactors \verage cumulative 
Site of radiation No. of integral dose of ra- 
patients only and diation received 


(megagram rads) 
diaphragm 3 70.0 76.6 


Total 61.3 72.1 


con pletion of this trial, but redeveloped symptoms during the placebo spacer, 
the. the placebo was judged ineffective. The possibility of an ambiguous 
response (+—) has already been discussed. Computations of the proportion 
of )lacebo reactors are based on both the (+ +) group and a combination 
of the (++) and (+—) groups. 


Placebo effect and site of irradiation. The percentage of placebo reactors for 
the total series classified by the site of radiation is shown in Table 4. The 
percentage of placebo reactors in the 111 patients ranges between 61 and 72 
depending on whether or not the (+—) group is counted. The true per- 
centage of placebo reactors for this sample of 111 patients lies somewhere 
between these two percentages. Since this series of 111 patients may also be 
regarded as a sample from some population of radiation therapy patients 
sampled through time it would be possible to compute confidence limits for 
the percentage of placebo reactors in this conceptual universe. However, 
because of the presence of the indeterminate group, we have not attempted 
to compute confidence intervals for the group as a whole or for any subgroups. 

The percentage of placebo reactors is seen to be higher for those radiated 
above the diaphragm. While this difference is not statistically significant even 
when we use the most extreme estimates of percentage placebo reactors for 
the two groups (76.6 °%, for the group radiated above the diaphragm and 
38.0 °,, for the group radiated below the diaphragm), the difference in rates 
shows a relationship with the average cumulative integral doses of radiation 
received by each group (Table 4). If there is a physiologic effect of radiation 
therapy causing nausea and emesis in those exposed to it, we should expect 
this effect to be more marked in the individuals receiving larger cumulative 
integral doses of radiation. 

\Ve should also expect the percentage of placebo reactors to be less in this 
latt:'r group since there is a real biologic effect present, so that the physiologic 
con ponent might outweigh any psychologic component as a factor affecting 
the production of symptoms of radiation sickness. 


cebo effect and dose of radiation received. Since the placebo is thought to be 
mo effective when the psychologic components of the disease are of greater 
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Table 5 
Percentage of placebo reactors classified by cumulative integral dose of 
radiation received up to first symptoms of radiation sickness 


Cumulative integral No. of Percent Percent 
dose (megagram patients placebo placebo 
rads) in the reactors reactors 
group 

36 

19 

20 

18 

18 


Total 111 


importance, we should then expect to see a higher proportion of placebo reac- 
tors in the group with the lowest average cumulative integral dose. This i: 
in fact the case, as noted both in Table 4 where the group receiving the hizhes 
average cumulative integral dose of radiation has a smaller proportion o! 
placebo reactors than does the other group, and in Tables 5 and 6 wher 
there is seen to be some relation between an increasing size of both cumulatiy 
integral dose and daily integral dose with a decreasing proportion of placeb 
reactors. The trend seems to be clearer where the indeterminate group has 
been included. This might have been more clearly shown if more patient 
had been included in each group. 


Placebo effect and sex. Another factor which has some association with th 
proportion of placebo reactors is sex. The proportion of males and females 
who are placebo reactors is shown in Table 7 along with the average cumulativ 
integral dose of radiation received. Again, one sees a relationship between th 


Table 6 
Percentage of placebo reactors classified by daily integral dose of radiation received 
up to first symptoms of radiation sickness 
Daily integral dose No. of Percent Percent 
(megagram rads) patients placebo placebo 
in the reactors reac:ors 
group only and 
0.0 to 0.49 6 50 83 
0.5 to 0.99 16 56 63 
50 
50 


Total 61.3 
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PLACEBO EFFECT IN THE TREATMENT OF RADIATION SICKNESS 


Table 7 
Percentage of placebo reactors classified by sex 


No. of Percentage placebo reactors Average cumulative 
patients only and integral dose ol 
radiation received 
50.0 54. 6.6 
64.3 77. 13.3 


Total 61.5 : 10.3 


e cumulative integral dose of radiation received by each sex and the 
itage of placebo reactors. In contrast to the relationships found between 
‘ec cumulative integral dose of radiation and percentage placebo reactors 
se radiated above and below the diaphragm (discussed in the preceding 
raphs) a high average cumulative integral dose of radiation for females 
mpanied by a high proportion of placebo reactors while a low average 
ative integral dose of radiation for males is accompanied by a low 
rtion of placebo reactors. This apparent contradiction to the results 
for the groups radiated above and below the diaphragm can be partially 
‘d by examining the integral dose-placebo relationship for males 
x females separately in those radiated above and below the diaphragm. 
resulting four-fold table (Table 8) gives the proportion of placebo reac- 
nd the average cumulative integral dose of radiation received for each 
four groups: males radiated above the diaphragm, males radiated below 


the diaphragm, females radiated above the diaphragm and females radiated 


belo \ 


It 


cum 


only 


/.6 t 


the diaphragm. 


can be seen that the expected inverse relationship between average 


ilative integral dosage and percent placebo reactors holds for females 


For males a slight decrease in average cumulative integral dose from 


o 4.7 megagram rads from the ‘above the diaphragm’ to the ‘below the 


diaphragm’ group is accompanied by a large decrease in the proportion of 
placebo reactors from 63 °,, to 25 °,. The proportion of male placebo reactors 


radi: 


ted below the diaphragm (25 °,) is determined on only eight patients, 


Table 8 


placebo reactors only and average cumulative integral dose of radiation received as classified 
by site of radiation and sex of patient 


Site of radiation 
Above the diaphragm Below the diaphragm Total 
Percent Average Percent Average Percent Average 
placebo cumulative placebo cumulative placebo cumulative 
reactors integral dose reactors integral dose reactors integral dose 


50 6.6 
64 11,3 
Total 70 , 11.5 61 10.3 
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Table 9 
Percentage of placebo reactors classified by day of week on which symptoms were first experier 
Day of week No. of Percentage placebo reactors 
patients only 
Monday 55.5 
‘Tuesday 2° 62.0 
70.5 
Thursday ) 68.7 
57.1 
Sunday 100.0 


Total 61.: 72.1 


so that some caution must be placed on the interpretation of this perceniag 
and the corresponding average cumulative integral dose based on these patients 
One further point is that ‘3° of the eight patients in this group was in |act ; 
single patient who was treated at three widely spaced points in the stud) 
period and who responded to neither placebo nor Compazine even thoug! 
receiving a small cumulative integral dose (average of 0.620 megagram rads 
at each visit. If this patient’s results are treated as a single case rather thar 
as three separate cases the proportion of placebo reactors is raised from 25 
to 33 %, and the average cumulative integral dose is raised from 4.7 mega- 
gram rads to 5.67 megagram rads. 


Placebo effect and the day of first symptoms. The percentage of placebo reactors, 
classified by the day of the week on which symptoms were first noted, is give 
in Table 9. There does not seem to be a simple pattern for the variation in 
percent placebo reactors throughout the week. Earlier in the paper, it was 
hypothesized that the length of time a patient received radiation therap. 
after a period of rest from irradiation (in this case the week-end, since n 
routine radiation therapy is given on Saturday or on Sunday), would provid 
an index of recent exposure which might correlate negatively with the pro- 
portion of placebo reactors. The data in Table 9 are not consistent with such 
a hypothesis and give the impression of random fluctuations about the mean 
of the total series. 

Table 10 


Percent placebo reactors classified by order of medication 
Order of treatment No. of Percentage placebo reactors 
patients +- only 
78 
30 


Total 78 57.7 
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P -ebo effect and order of medication. The placebo reactors in the group of 
78; tients are classified in Table 10 by the order in which the medications 
wer. given. The 33 subjects who received placebo only has been excluded. The 
perc atage of placebo reactors is higher for those patients who received the 
plac 00 first than for those who received prochlorperazine first, but when the 
rminate group (-+—) is included, this difference becomes insignificant. 

easonable to assume that the placebo reactor rates should be similar 
and .ot vary with the order of medication. Thus it would appear that the 
idd. ion of the indeterminate group may give us a truer estimate of the placebo 
reac or rate. 


t of prochlorperazine on non-placebo reactors. There were 31 non-placebo 
reac’ ors included in the entire series. ‘Ten of these cases never received prochlor- 


pera. ine, leaving 21 cases in which evidence is available as to the effects of 
this «rug in 5 mg and 10 mg individual doses. No attempt is made to further 
divide this group of patients, as was done for the total series of 111 patients, 
because of the already small size of the group. Of the 21 non-placebo reactors, 
eight (38 %,) responded to prochlorperazine. Eight patients received the 
j} mg dosage to which two responded. Thirteen patients received the 10 mg 
dosage, to which six (46 °,) responded. No significance is attached to these 
findings because of the very small number of patients involved. 


Conclusive comment. Because of the apparently general belief that patients 
undergoing radiotherapy very frequently suffer a significant degree of radiation 
sickness we feel that these results should be disseminated as widely as possible, 
in the hope that this will tend to reduce the alarming reports of this condition 
which almost inevitably reach the patient before his first visit to the radio- 
therapist. It has been our experience that physicians and nurses are as fre- 
quently misinformed regarding the severity and frequency of this syndrome 
as are lay persons. 


SUMMARY 


\ method for determining the proportion of placebo reactors in a double blind study of 
patients receiving medication for radiation sickness is described. ‘The proportion of placebo 
reactors lies between 61 °,, and 72 °,. The factors which most closely affect this proportion 
ire the site of irradiation, sex of patient and (total) cumulative integral dose of radiation. 
No evaluation of the effectiveness of prochlorperazine as an anti-emetic was attempted becaus¢ 
of the small number of cases involved. 


ZUSAMMENFASSUNG 


Dic Verfasser beschreiben eine Methode zur Bestimmung des Anteiles von Plazebo- 
Reakt ren in einer doppeltblinden Studie von Patienten, welche Medizin fiir die Strahlen- 
krank cit erhielten. Die Proportion der plazeboreagierenden Personen liegt zwischen 61 %, 
nd °%. Die Faktoren. welche besonders auf dieses Verhaltnis einwirken. sind der Ort der 
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Bestrahlung, das Geschlecht der Patienten und die kumulative Integraldosis der Str: 
Eine Bewertung der Wirksamkeit des Prochlorperazin als Antiemetikum wurde weg 
geringen Anzahl der Falle nicht versucht. 


RESUME 
Les auteurs décrivent une méthode de détermination par une ‘double blind stud 

proportion de sujets réagissant au placebo dans une série de malades recevant un tra 
pour un mal des rayons. La proportion d’ensemble de sujets réagissant au placebo e: 
61 et 72 °.; les facteurs qui influent le plus sur cette proportion sont le lieu de Virrac 
le sexe du sujet et la dose intégrale cumulative totale de radiations. Le petit nom! 
cas étudiés n’a pas permis d’essayer de juger l’efficacité de la prochlorpérazine 

anti-émétique. 
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RADIOPROTECTIVE EFFECT OF AMINOALKYL 
THIOESTERS 


by 


BeRTIL HANSEN and Bo SORBO 


In a previous communication from this laboratory (HOLMBERG and SORBo 
59), the radioprotective effect of 2-aminoethyl thiosulfuric acid was reported. 
lhe present paper describes an extension of this work to some other aminoalky] 


tnloestecrs. 


Materials. The sodium salts of sulfocysteine and aminoethyl thiophosphoric 
cid (sodium hydrogen S-(2-aminoethyl phosphorothioate) were synthesized 
by previously described methods (S6rRBo 1958, AKERFELDT 1959). 

The S-(3-aminopropyl) thiosulfuric acid was prepared according to the 
directions given by BRETSCHNEIDER (1950) for the synthesis of the aminoethyl 
ester, except for the fact that the propyl compound was recrystallized from 
water-cthanol. (Anal. calculated for C,H,,.NO,S.: C 21.0, H 5.27. Found: 
C 20.8, H_ 5.5). 


The S-(2-aminoethyl) ethanethiosulfonate hydrobromide was prepared as 
lollows: 4.98 g sodium ethanethiosulfonate and 6.15 g 2-bromoethylammonium 
romide were boiled for 5 hours in 30 ml isopropanol, and left over night. 
[he precipitated sodium bromide was filtered off and washed with a few 
illilit-es isopropanol. Diethyl ether was gradually added to the combined 
‘iltrate and washing, whereupon light brown crystals were obtained. As 
the product was contaminated with sodium bromide, it was treated with 
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Table 1 


Acute toxicity of aminoalkyl thivesters 


Compound Formula 

Cysteamine HCl NH,C,H,SH,HCI O.45 
Aminopropy! thiosulfuric acid ........... NH.JC,H,SSO,H 0.58 
Sulfocysteine (Na-salt CO,HCH(NH,)CH,SSO,Na 0.32 
Aminoethyl ethanethiosulfonate HBr NH.C,H,SSO.C,H,.HBr 0.056 
Aminoethy! thiophosphoric acid (Na-salt) .. 0.93 
Aminoethyl ethanethiophosphonic acid .... ©. NH,C,H,SPO,HC.H, 0.14 


boiling n-butanol-ethyl acetate (3:1), filtered, and the thiosulfonate precip. 
itated from the filtrate by addition of more ethyl acetate. The precipitat 
was dissolved in 15 ml hot n-butanol, and treated with active carbon. Afi 
cooling, 0.9 g (yield 12 °,) of pure crystalline product was obtained An 
calculated for C,H,,.BrNO.S.: C 19.2, H 4.84. Found: C 18.8, H 4.72. Th 
compound was found to be rapidly hydrolyzed in water solution (k = 3.52 - |) 
sec! in 0.1 M KCl at pH 7.00 and 25° C). 

Aminoethyl ethanethiophosphonic acid S-(2-ammoniumethyl cthane- 
phosphonothioate) was prepared as follows: 9.5 g disodium ethanephosphon- 
othioate and 12.0 g 2-bromoethylammonium bromide were dissolved in |0 n 


water. After a week at room temperature, 5 g (53 °, yield) of crystallin 


product had formed. It was recrystallized from water, and dried over phos 
phorus pentoxide in vacuo. (Anal. calculated for C,H,,NO,PS: C 28.4, H 
7.14. Found: C 28.4, H 7.12). 

The mice used in this investigation were males of an inbred CBA-strain 
Their body weight was about 20 g. 


Methods. ‘Total body roentgen irradiation was delivered from a miaterial- 
testing roentgen machine, operated at 260 kV and 10 mA, using filter 4 mm Al 
and 0.5 mm Cu. The focus-target distance was 40 cm, and the dose rat 
about 84 r/min. The animals were kept in plastic cages during the irradiation. 
The roentgen dose given was | 092 r (the LD,, for the mice used was ‘481. 

Each group of animals treated with the different compounds consisted 0! 
40 animals, except in case of sulfocysteine for which only 17 mice wer: used 
Cysteamine hydrochloride was used as a reference substance. Th: com- 
pounds to be tested were injected intraperitoneally in saline solution 151 inutes 
before irradiation. The volume injected was kept constant at 0.3 ml per — .imal. 

The LD,, for the compounds was determined according to Mi! ant 
TAINTER (1944) after intraperitoneal injection in saline solution (0.3 1! pa! 
animal). 
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RADIOPROTECTIVE EFFECT OF AMINOALKYL THIOESTERS 


Table 2 
Radioprotective effect of aminoalkyl thioesters 


Dose 30-day mortality 
Compound mg, kg 
None 95 
Aminopropy! thiosulfuric acid .......... 250 60 
Sulfocysteine 1 600 100 
Aminoethy! ethanethiosulfonate HBr 3: 100 
Aminoethy] thiophosphoric acid 
\minocthyl ethanethiophosphonate 


Results 


Th acute toxicity of the compounds to be used in the irradiation experi- 
ments was first determined (Table 1), following which the compounds were 
iested as radioprotectors at a dose level of about 0.5 LD,.. The effect on the 
\J-day mortality after irradiation is shown in Table 2, from which it is evident 
that aminopropyl thiosulfuric acid has a protective effect but is inferior to 
that of cysteamine. The protection appears to be of the same magnitude as 
that previously reported for the aminoethyl compound (HOLMBERG & SORBo). 
Introduction of a carboxyl group in the alkyl chain of the thiosulfate ester 
sulfocysteine) destroys the protective action of the latter. Aminoethylthio- 
phosphoric acid on the other hand showed a strong protective effect, at least 
as good as that of cysteamine. The practical use of this compound as a radio- 
protective agent will be further studied. If one of the oxygen atoms in the 
tive thiosulfate or thiophosphate esters is replaced by an alkyl group, thereby 
giving a thiosulfonate or thiophosphonate ester, the toxicity of the parent 
compound is increased and the protective action disappears. 

The protective effect of aminoethyl thiosulfuric acid and aminoethyl 
thiophosphoric acid demonstrated in this and previous work merits some 
consideration. Evidence has previously been obtained for the conversion 
of the thiosulfate ester to mixed disulfides of cysteamine and proteins (SORBo). 
his could explain the protective properties of the thiosulfate ester, especially 
in view of the theories put forward by ELpJARN and Pru. The thiophosphate 
has been shown to be split enzymatically to cysteamine (AKERFELDT), which 
could explain the protective action of this ester. It is also possible that the 
thiophosphate reacts directly with proteinbound sulfhydryl groups to give 
mixed disulfides. Of interest is the fact that aminopropy] thiosulfuric acid was 
somev at more toxic than the aminoethyl compound, but had a comparable 
prote. ive effect. A similar relationship has been found for the corresponding 
mercs ‘tans (DoneERTy et coll.). The complete disappearance of protective 
action after the introduction of a carboxyl group in the thiosulfate ester is 
on th other hand not observed with the corresponding mercaptans (DOHERTY 
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et coll., Parr et coll.) since cysteine has a protective effect, although an ir 
one to that of cysteamine. The absence of protective action from ethan 


sulfonate and ethanethiophosphonate is probably explained by the 


paratively high toxicity of these compounds. Although they can be ex; 
to liberate cysteamine in vivo, the amounts of this compound that <¢ 
formed are too small to be effective for protection against roentgen rad 
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SUMMARY 


Certain aminoalkyl thioesters have been investigated as radioprotective agents. 
ethyl thiophosphoric acid (as the sodium salt), with a protective effect comparable to 
cysteamine, was the most effective of the compounds studied. 


ZUSAMMENFASSUNG 
Bestimmte Aminoalkylthioester wurden auf ihre Eignung als Strahlenschutzmitt 
sucht. Aminoathylthiophosphorséure (als Natriumsalz), mit einer Schutzwirkung 
jenigen des Cysteamin vergleichbar ist, erwies sich als die wirksamste der untersucht 


bindungen. 


RESUME 


ri 


Les auteurs ont étudié leffet radioprotecteur de certains aminoalkyl-thioesters. 1 


aminoé¢thyl-thiophosphorique, sous forme de sel sodique, ayant un effet protecteur con 
a celui de la cystéamine, est le plus efficace des corps étudiés. 
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THE DEPARTMENT OF PAEDIATRICS, UNIVERSITY OF OTTAWA, CANADA, 


GENETIC HAZARDS OF RADIATION TO MAN 
PART II 


by 


PAUL DE BELLEFEUILLE 


The first part of the present paper was published recently (DE BELLEFEUILLE 
1961) in this journal. 


Existing levels of radiation 


In the estimation of genetic hazards, attempts are made to establish the 
amount, spread over the whole population, received by the human testis or 
ovary from conception to the age of 30 years, by which time one-half of all 
offspring have been procreated. 

Natural radiation from the ground, from cosmic rays and from potassium 
() in human tissues represents a 30-year gonad dose of the order of 3 r (MRC 
Report) to 4.3 r (see: ‘Genetic Effects of Atomic Radiation’). It is in the 
light of this estimate that one may appraise the significance of man-made 
radiation impinging upon human germ plasm. 


Fall-out from test detonations of nuclear weapons consists of a large number 
of racio-nuclides liberated into the atmosphere (Lapp 1959). These present 
a two-fold genetic danger. External radiation comes to the gonads from the 
grourl; internal radiation is due to isotopes which are incorporated into 
humen tissues. Of these, the bone-seekers (strontium 89 and 90, plutonium 
239) mit short-range #-particles; they are thus much less significant in terms 
of gc .etic effects than in relation to the induction of leukaemia and bone 
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sarcoma through irradiation of contiguous cells. But other radionuclide 
been found to emit y-rays from soft tissue, amounting to a 30-year gona 
of 0.018 to 0.15 r according to geographical location (STEwarT 1958, Mo ay 
1958, Lippy 1958). The principal of these isotopes is believed to be « 
137, which, being metabolized much like potassium, is found in al! 
including gonadal cells. Fortunately, this isotope’s actinic half-life is o 
days, and the biological half-life only 70 days (MorGAN 1959); its signil 
thus depends mainly on the continued ingestion of it, which in turn 
with the rate of fall-out. This should tend to decrease with time, prc id 
tests do not continue. Less well documented, but perhaps more disturb 

its implications, is the case of carbon 14, which emits /-rays and has « 

life of 5600 years (Lewis 1957). Not only could this isotope exert ¢ 
effects upon the host’s genes, but it could, itself, be handed down wi 
germ plasm for an indefinite number of generations (PAULING 1958). 

The total 30-year gonad dose from fall-out products, both interna’ an 
external, was estimated in the U.N. Report (1958) at 0.01 r if the tes 
stopped in 1958, but could reach as high as 0.12 r if the tests were to be con- 
tinued at the same rate. Thus the expected hazard from fall-out lies beiwee: 
0.3 °%, and 4 °%, of the hazard from natural radiation. The magnitude 
genetic effects to be expected from this added load of ionizing radiation mus 
depend upon the determination of the mutation-doubling dose for man. Th 
will be discussed later. 


l 


( 


Medical use of ionizing radiation. At the request of the United Nations, esti- 
mates of the gonad dose spread over the whole population from present prac- 
tices in diagnostic radiology have been prepared in various countries. Ey- 
pressed as percentages of the natural ‘background’ radiation, these estiimates 
range from 22 °, in Britain (MRC Report 1956), through 72 °% in Swedei 
(LARsson 1958), to a litthke more than 100 °, in the U.S. A. (Nat. Acac 
1956). A more recent British estimate (Adrian Report 1960) is lowe: 
the earlier one (14 °,, plus 5 °, for radiotherapy which did not enter int 
any of the previous estimates). This lower figure is stated to result from mor 
accurate determinations; perhaps it also reflects increased care on the par 
of physicians, due to new awareness of genetic hazards. 

While many examinations do not result in significant irradiation «f th 
gonads, procedures in which the latter are involved in the direct ray «ntai 
considerable genetic doses. For example, intra-venous pyelography, when don 
with maximum precautions, delivers 1.29 r to the female gonads, and ©.2! | 
to the foetus’ gonads when a pregnant woman is examined (OsBorN 
Present methods of fluoroscopy deliver from 3 to 77 r per minute to t! 
tient (Ropinow & SILveRMAN 1957); in abdomino-pelvic examinati: 1s, 
large dose reaches the ovaries or testes. The meaning of these figures « .n bi 
appreciated from the recommendation, made in the MRC Report 
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Table 4 
ases of unwitting irradiation of an embryo in the treatment of infertility by ovarian roentgen irradiation 
Time of gestation Dose Effect on child 


1932 \bout 2 months? 66 lor Stillborn: hydrocephalic, dis- 
1 case torted features, rudimentary 
nares, extreme polyhydram- 
& WeEIN- 2 and 3 weeks (1 case Estimated \pparently well child at age 
1952 to uterus: 6 months. 
181 
952 1 and 2 weeks (1 case To ovaries: Microcephalic child, died at 
200—300 1 2 months. 


ihat or the general population the maximum permissible dose of man-made 
radic ion to the gonads, from conception to the age of 30 years, be set below 
§r. 1: is easy to see that with only a few roentgen examinations, this limit can 
be exceeded for an individual, and that present practices do, in fact, approach 
the danger point for the population as a whole. Strictly, from the genetic view- 
point, all radiation is unsafe, and it may well be that even the tolerance just 
cited is too lax. In any case, the increasing accessibility of, and recourse to, 
roentgen rays as a diagnostic aid make it imperative that physicians do the 
most to limit the doses, space the examinations, employ radiography rather 
than fluoroscopy whenever possible, and insist on proper shielding of parts 
f the body not being examined (Turpin et coll. 1957). Present work on in- 
iensilying screens, for example, is encouraging; one may hope that a reduc- 
tion to small fractions of the present doses shall soon be possible. This is of 
particular importance in view of the fact that gonad doses from industrial 
atomic power will soon have to be reckoned with. 

In radiotherapy, doses are of course much higher, but applied to a much 
smaller fraction of the population, mostly to persons who are past the repro- 
ductive age. Thus the effect of radiotherapy on the total population genetic 
dose is small. It is evidently most important to avoid any therapeutic irradia- 
tion of the human gonads before the end of the reproductive age. Now aban- 
doned, one hopes, is the practice of giving so-called ‘stimulating doses’ of 
roentgen rays to the ovaries of amenorrhoeic females who wish to conceive. As 
late as 1957, however, KAPLAN claimed to have shown the absence of genetic 
ill-eflects of this procedure in 564 women so treated. True, he admitted, one 
mother died of leukaemia one year later, and one child was unwittingly ir- 
radia'ed when already conceived and was born quite abnormal. Here lies the 
most obvious danger of this form of treatment for barrenness: that of damaging 


the ciild of a woman who does not realize that she is pregnant; this accident 
has |een reported in 3 cases (Table 4), in 2 of which the result for the child 
was « isastrous. The very high susceptibility of the embryo to the teratogenic 
ellec’ of roentgen rays is illustrated by the experiments of Murakami and 
Kam’ yAMA (1958) on the mouse, from which it is possible to calculate a 
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‘doubling dose’ of 13 r for the induction of central nervous system malfi 
tions. In man, irradiation of the foetus early in gestation during radioth 

for uterine conditions (ZAPPERT 1926), or by atomic bombs (YAMAZAKI ¢ 
1954; Miter 1956), is known to produce microcephaly. Excluding t! 
currence just referred to, KAPLAN reports only 2 malformed children 
Hirschprung’s disease, one hydrocephalus with spina bifida) in the first g 

tion of 413 live-born from 564 mothers treated before conception, and 
malformed among 23 second generation offspring (born to children con 
following treatment). This amounts to an incidence of malformations o 
0.46 % among 436 children, and KapLan glowingly points to this as p1 

the harmlessness of the procedure. One may wonder why he does not g: on 
step further and claim that pre-conception irradiation of the ovaries aci all) 
decreases the hazard of having abnormal children ... The data as given an- 
not be appraised, since the manner of examination of the children, or of © her- 
wise collating information about them, is not stated. The sex distribution is 
given, however, for 409 children in the first generation (excluding the 2 nal- 
formed ones and 2 who died of acquired conditions), among whom there wer 
only 191 males: a remarkably low sex-ratio (i. e. males/total) of 46.7() °.. 
This figure, as well as that for malformations, should be compared with data 
from a control group of mothers matched for age, parity and racial origin. 
Such data are absent from the study as published, but the low sex-ratio strong 
suggests that maternal irradiation before conception did, in fact, affect gern 
cells in an adverse way (see Part I, Fig. 1). What it does, otherwise, to thi 
ovary, apparently to produce a return of fertility, is not known. There is no 
such thing, in fact, as a ‘stimulating’ effect of ionizing radiation, apart {ron 
the reactions to injury. Further, the claims for the effectiveness of this em- 
pirical procedure are based on uncontrolled studies (IsraEL 1952, Kap tay 
1957). Indeed, JErrcoaTE (1952) of Liverpool pointed to a spontaneous cur 
rate of about 60 °% for similarly selected cases of amenorrhoea, even of som 
years’ standing, in women of less than 30 years of age. 


Discussion 


It is not possible to state the number of genes constituting man’s hereditar) 
endowment, nor do we know with any precision how frequently these undergo 
mutation, severally or as a whole, or in what way accidents in human re- 
production and survival to maturity are related quantitatively to mutation, 
natural or induced. Two approaches to this problem, one theoretical anc on 
empirical, suggest themselves. 


1. The theoretical model 
The simplest, and most useful, expression of the mutational damag  ac- 
cruing to man’s germ cells through ionizing radiations would be the dov ling 
dose: that is, the amount of radiation causing an additional number of } uta- 
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Table 5 
Mutation doubling dose: Various estimates having a bearing on the probable value for man 


Estimated Basis of estimate 
doubling dose 


24.5 r¥* 


All mutations in mice. Control mutation rate 
regression efficient perr 
4.48 » 24.5 (See also Part I, Fig. 2. 


LussELL 1954 Recessive mutations in mice. Control mutation rate 
5.3 10-7)/induced rate per r 
10-* 30.3. 


1956 10 r** Lethals in mice. Varies between 25 and 
mean cording to stage in spermiogenesis. 


1955 7 ¥ Estimated for mice, applicable to man; see source. 


ceport 1956, Limits between which the true value probably lies: 
2—45 reasoned from results of experiments on various 
species. 


1955 ‘A little more Hypothesis that most human mutations are due to 
than 3 radiation. 
IGGLI 1958 P For some dominant lethals in mice. 
For some recessives in mice. Two extreme figures 


which probably enclose the human doubling dose. 


Reduction in masculinity of offspring due to irradia- 
tion and due to age (see text). 


Brown & DOLL Doubling dose (to spine) for leakaemogenesis in man; 
MRC Report linear effect likened to ‘somatic mutation’. 


1957 < & For chromosome breaks in normal human diploid 
somatic cells in tissue culture (‘somatic mutation’). 


1960 : For sex-linked lethals in man, from sex-ratio changes 
in offspring of women atomic bomb survivors. 


review 31.8 r New analysis of atomic-bomb data in ABCC Report. 
See Table 7. 


lts of chronic irradiation; all other data cited are based on acute exposure. 
given by author; calculated from his data. 


qual to the number occurring naturally. The size of this doubling dose 
ted henceforth by D,) is evidently related to that portion of the spon- 
is mutations which is due to natural ‘background’ radiation (internal 
sternal) to the gonads. The greater this portion, the smaller the D.,. 
not, evidently, be determined directly in man by experiment. But vari- 


ous ¢ timates have been made for the value of D, applicable to man; some are 
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|in Table 5. The bases for these estimates vary widely. Some are derived 
xperiments on the mouse, which has roughly the same DNA mass per 
‘ell as man. One estimate ingeniously compares the effect of parental 
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Table 6 
Estimation of the mutational moiety in the production of certain prenatally determined conditio 


l 2 5 t 6 


Category Birth Genetic Estimated Proportion* 
STEVENSON ) incidence portion: loss of of cases due to 


reproductive new mutation 
fitness: per generation: 
I—F 
Diseases and defects 
having an undisputed 
genetic aetiology: 
Dominant 0.95 0.46** 
Sex-linked 0.04 ‘ 0.5 
Recessive 0.12 


Il: Overt congenital mal- 
formations 0.98 


Ill: A. Some recessives with 
high gene frequency 0.09 


Ill. B. See *** 


Mongolism 


0.979 


Mean values: ¢ 0.89: 738 0.41: 


2.38 


* After Penrose (1956 MRC Report, p. 190). For a dominant, m l F. For a sex 
m l F)/3. For a recessive, m — twice the gene frequency of each trait, and is tal 
as 0.01 from one example given by Penrose; a slight effect of consanguinity can also be n« 
in this simplification, since the total effect of recessives on the mean value of m is seen to | 
Estimates derived from an analysis of various epidemiological data on congenital diseas: 
presented elsewhere. 
*** Traits with late expression and great dependance on post-natal environmental factor 
the genetic mechanisms are mostly hypothetical, such traits are omitted here. 


ageing on the offspring’s sex ratio in a large human population to tha 
served after massive therapeutic irradiation, in the light of the hypot 
that both effects are mutational. Other figures are derived from irrad 
of human somatic cells with effects which may be likened to mutation 
to chromosomal changes which are transmitted to daughter cells wh: 
radiated cells are called upon to ‘reproduce’ themselves by mitosis. 
‘somatic-mutation’ concept of the leukaemogenic or carcinogenic ef] 
radiation, suggested prophetically by MULLER in 1927, has recently fo 
striking confirmation in the discovery of a chromosomal aberration i 
bone-marrow cells of leukaemic patients. 

A provisional estimate for D, of 30 r (gonad dose for 30 years, the ay ‘rag: 
length of a human generation) is accepted as a working hypothesis th 
U.N. Report (1958). It is obvious from Table 5 that estimates appl -abli 
to man vary widely, and it is reasonable to expect this figure to be dif ‘rent 
for various kinds of mutations. In any case, the geometric mean of the ang 
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Fig. 5. A theoretical model showing the 
percentage increase in the incidence of pre- 
natally-caused diseases and anomalies expect- 
ed in cach generation following the applica- 
tion of D, to the P, only (full curve), or the 
permanent doubling, over a number of gener- 
ations, of the mutagenic load (broken curve). 
Based in part on Penrose (1956). 


nates will be seen to fall rather below 30 r. At this time, therefore, it 
that the natural dose to the gonads of 3 r per 30 years (MRC Report 
accounts for about one-tenth, or perhaps a little more, of the mutations 
ing naturally in man. 

mutational moiety in the causation of sterility, abortion, stillbirth and 
tal death, as well as in various ‘constitutional’ illnesses of later life, is 
ily considerable, but its magnitude cannot at this time be appraised. 
ntrast, overt malformations and those diseases which display a notori- 
hereditary mode of transmission, though reflecting only a part of the 
oad of mutations, afford the only fairly confident approach to an esti- 
of the expected effect of a given increase in mutations. A list of such 


itions, with their incidence in the population of Northern Ireland, has 


ompiled by Stevenson (U.N. Report 1958, pp. 197—-199) and is utilized 
a basis for the figures in Table 6. This table presents the development 

irgument derived from the method originally devised by HALDANE (1932 

‘estimation of the mutation frequency in traits with various modes of 


nheritance, and recently applied by PENRosE (1956b) to this problem. 


argument set forth in Table 6 results in two values, m and g. The first 
expresses the proportion of cases of the conditions listed, taken as a 
which is due in each generation to fresh mutation. The other value, 


‘presses the contribution of genetic, as opposed to environmental (in- 


g intra-uterine), factors to the causation of such conditions. It is evident 
also expresses the increase in incidence to be expected in the first filial 
tion (F,) from the application of the D,; it can be regarded as the reci- 
of the mean number of generations required for the elimination, through 
reproductive fitness, of noxious genes. This interpretation springs from 
inciple underlying HALDANeE’s method: the proportion of cases due to 


lutation, in a situation of genetic equilibrium, is equal to the propor- 
genes lost per generation. As for g, the genetic moiety in the produc- 
the anomalies under study, it must be noted that all of it is mutational 
in, consisting as it does of mutant alleles which have been handed down 
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for a greater or lesser number of generations; a portion of these, equa! 
comes from the first parental generation. 

According, then, to this theoretical model, illustrated in Fig. 5, th 
sumed total effect in the posterity (F,—-«) of the application of D, | 
parental generation is an increase, g, in the incidence of the conditions 
study, of which m would occur in the F,. Should the increased mut 
producing load D, be applied permanently to all succeeding generation 
expected increase would rise from m per filial generation and tend, at e 
rium, to reach g for each generation. The rate of rise would be greatest 
early generations (PENROsE, see MRC Report, pp. 190—195). 

The argument leading to the determination of m and g (Table 6) a 
tedly has grave limitations, the main ones of which are as follows: 


1. The value of m is seen to depend mainly on the value for the ay 

loss of reproductive fitness in individuals with dominant conditions. This los 
of fitness is not known with any precision for more than a very few conditions: 
one hopes that the study initiated by NewcomsBe (1957) on electronically 
analyzed vital statistics may soon fill gaps in information here. The values 
given (column 5 of Table 6) are based on a review, to be presented elsewhere, 
of a number of prenatally determined conditions. The values adopted ar 
conservative, and almost certainly too low, inasmuch as probable slight losses 
of reproductive fitness, through reduced eligibility for mating, have been 
ignored. 


2. The value of m based on ‘dominant’ traits of STEVENsON’s category | 
would be too high if an appreciable proportion of such cases were phenocopics, 
that is, due to the action of hypothetical post-conceptional environmental! fac- 
tors leading to an effect similar to that produced in other cases by mutant 
genes. Such occurrences cannot be excluded a priori, but to our awareness 
the only example of such a situation to have been convincingly documented 
is that of retinoblastoma (Voce 1957). 


3. As pointed out in the U. N. Report, Stevenson’s definition of a ‘reces- 
sive’ factor is very strict. For many traits, there is partial dominance: t! 
pression of an abnormal allele in the heterozygous is present but slight 
less readily detected, than in the homozygous. This has the effect of 
estimating the number of cases due to new mutation if such a factor ha 
classed as a dominant; most conditions showing this phenomenon to a n 
degree, however, are listed in Stevenson’s category IT, to be discussed pr 
The expected overestimation of m due to these reasons cannot be mea 
perhaps it compensates for the underestimation alluded to in (1). 

4. The estimation of the mutational moiety in the aetiology of mali rma- 
tions listed by Stevenson in his category II, comprising most readily-dia: ‘osed 
gross malformations in which the respective effects of heredity and er ‘ron- 
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Table 7 


The empirical approach to human risks using the atomic bomb data 
nation of the mean dose (calculated from the ABCC Report; one-parent exposure only) 


e calegor) Relative number of births Estimated mean dose Product 


16.5 1 
250 95.0 


ing as control 


Dif’ once (additional exposure to heavily-exposed group), 
Port. n reaching the gonad 


ulation of D, from the Hiroshima-Nagasaki data 


ice of major malformation at birth (from ‘Table 2, Part I of present paper), father 
sure only: 

In control group (light exposure): 0.7629 % 

In ollspring of heavily-exposed: 1.3110 °,, 

Increase induced by 67 r: (1.3110—0.7629) /0.7629 — 0.716 

Increase induced by | r: 0.716/67 = 0.0107 

[he increase induced by | r in the F, = m/Dg, (see text); the value of m for congenital mal- 

formations is 0.34 (Table 6). 
Then D, = 0.34/0.0107 = 31.8 r. 


ment are in dispute (FRASER 1959, NEEL 1958), is based on an analysis of 
various epidemiological data on such anomalies, to be presented in another 
publication. 

If one accepts the values given above for D, (30 r) and in Table 6 for m 
0.41) and g (0.89), it is possible to establish a coefficient of increase of the 
risk toward the conditions discussed above, from irradiation of the human 
gonad before the end of the fertile period, equal to m/D, +- 0.014 per roent- 
gen in the F,, and g/D, + 0.03 per roentgen in the entire posterity in- 
cluding the F, (F, +c). Hence, one estimates that the present load of radia- 


tion to the gonads from the diagnostic use of roentgen rays (4.5 r per 30 years 
in North America: Nat. Acad. Sci. 1956) has already caused an increase, 
which is rising from 6.3 °%% to 13.5 °%, per generation, in the incidence of 
prenatally determined disease. 


2. The empirical approach 

Whatever may be the real values of the parameters D,, m and g, the un- 
cert inties which they raise may be circumvented by taking a direct approach 
‘data gathered in Japan as presented in Part I. Father exposure alone 

be considered here, in order to remove the doubt springing from the 

pos: bility of somatic (i. e. extra-genetic) effects in exposed mothers. The loss 
thr gh malformation apparently induced in the father-heavily-exposed group 
ths (Table 7 B) is seen to represent 71.6 °, of the loss occurring in the 
‘xposure group serving as a control. It is recalled that the total genetic 
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effect has been shown to be significant; the main limitation to confidenc 
is the estimated amount of radiation. This is taken (Table 7 A) to be a ¢ 
dose 67 r greater in the heavy-exposure group than in the light one, tl 
sumption being made that one-half of the skin dose reached the gona: 
this connexion, it is noted that in the U. N. Report, a factor of one-th 
employed, which would tend, naturally, to increase the expected risk 
radiation. 

If the additional dose received by the gonads of heavily irradiated fa 
can validly be taken as 67 r, one calculates a coefficient of increase « 
severely malformed births per roentgen in the F, of + 0.0107, a figure \ 
lies satisfactorily close to that of + 0.014 derived above. This agreement | 
to the validity of the theoretical model and calculations presented in thi 
part of this discussion. On the basis of these, the total loss induced in th: 
posterity of irradiated individuals would be g/m 2.2 times as great as hat 
observed in the F,. This cannot be verified, the genetic study in Hiros 
and Nagasaki having been terminated. 

Another check of the coefficient given in the preceding paragraph ag 
the theoretical model consists in deriving the value of D,; this is shovy 
Table 7, B. The value of 31.8 r thus obtained from a consideration 0! in- 
duced malformations (the value of m applicable to the remainder oj th 
reproductive loss being unknown) is in close enough agreement with th 
provisional estimate D, = 30 r (U. N. Report 1958) to suggest that no greate 
effect than has been shown could have emerged from the atomic-bomb geneti 
study. 

The loss induced in Hiroshima and Nagasaki (observed increase of 77.5 
in total reproductive wastage in the F,; expected additional increase of 93 
in the ensemble of subsequent generations) in the progeny of severely-irradiated 
individuals may be used to predict the order of magnitude of the genetic eficct 
of thermonuclear weapons much more powerful than the uranium b 
detonated in Japan, since only the survivors, i. e. those receiving not 110i 
than 500 to 600 r (total body surface dose), could procreate. But the ‘ota 
genetic ill-effect per detonation, affecting a population occupying a muc! 
wider area than the range of the bombs of 1945, would be immeasurably 
greater than that recorded in Hiroshima and Nagasaki. In the case of a the; mo- 
nuclear weapon detonated over a large city, it is not unreasonable to expect 


a near two-fold increase in the incidence of reproductive wastage and prena ‘alls 
determined disease in the posterity of a million people or more. 


Conclusions 
Although the report of the survey conducted by the Atomic Bomb Ca: 
Commission in Hiroshima and Nagasaki has been widely quoted as fail 
detect any consistent genetic effects of exposure to the bombs, the p! 


1] 

| 

10 

( 

n 

Do 

ol 

is 

{) 

nr 

pe 

\( 

cn 

ll 

| 

Q 
to 

nt 


GENETIC HAZARDS OF RADIATION TO MAN 13a 


see Part I) shows that within the limitations, in time and in method, 
genetic survey, a new analysis of the data, based on the separate study 
exposure of each parent alone, brings out definite indications of genetic 

ill-e octs of atomic radiations, at a high level of statistical significance. 

A eview of the sources of increased radiation to which man has been sub- 
iect himself through his own efforts shows that the hazard from the diag- 
nost. use of roentgen rays is much greater than comes from the radio-nuclides 
of b mb-test fall-out. Medical practices with respect to roentgen rays present 

nite hazard, moderate in degree, to future generations, which it is the 

ff to-day’s physicians to minimize. One may estimate, with a fair degree 

ifidence, that the incidence of inborn defects and diseases in children 

it this time in technologically advanced countries includes 2 contribution 

» 13 ©, by mutations induced prior to conception through che diagnostic 

roentgen rays. Part of the risk, of course, is inevitable in the interest of 
oun. medical practice; the benefits afforded the human race through the 
proper health-guarding use of ionizing radiation compensates well fo> the ex- 
pect | genetic ill-effects. 


Important though the risks from the civilized use of radiation may be, U*ey 


| become insignificant in comparison to the total genetic harm due to 


it from nuclear devices exploded over populated areas. The duty the‘ 
springs from knowledge obliges the physician to impart this knowledge, evea 
if incomplete, to his colleagues and to the public. It is misleading and un- 
arranted to make statements on the inexistence, or the insignificance, of a 
genetic hazard of radiation to man. 
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SUMMARY 


1 various experimental and clinical data on the incidence and the genetic portion of 
ital anomalies and on their induction by ionizing radiation an attempt has been made 
lict the magnitude of the increase in human reproductive wastage in the first genera- 

ion, which would lie in the neighbourhood of 0.01 per roentgen (gonad dose). ‘This esti- 
zrees roughly with the empirical coefficient brought out by the analysis of observations 
n Japan on the genetic effect of atomic bombs. ‘The implications of this parameter 
ussed in connexion with the risks to which human populations are, or may be, exposed 
1 clinical use of roentgen rays, fall-out from nuclear weapon tests and the possible use of 
eapons in warfare. 


ZUSAMMENFASSUNG 


Grund des Studiums verschiedene experimentelle und klinische Daten uber die Haufig- 
d den genetischen Anzahl kongenitaler Anomalien sowie deren Induktion durch 
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jonisicrende Strahlung ist ein Versuch gemacht worden, die Grésse der Abnahme des n 
lichen Reproduktionsvermégens in der ersten Generation vorauszusagen. Diese diirft 
Nahe von + 0.01 per Réntgen (Gonadendosis) liegen. Diese Schatzung stimmt wu 
mit dem empirisch gefundenen Koeffizient iberein, den man durch Analyze von Bx 
tungen erhielt, welche in Japan iiber den genetischen Effekt von Atombomben gemacht 
sind. Die Bedeutung dieses Parameters wird im Zusammenhang mit dem Risiko dis} 
welchem die menschliche Bevélkerung ausgesetzt ist oder ausgesetzt werden kann, 
Exponierung bei klinischer Anwendung von Ré6ntgenstrahlung, durch Abfalle bei 
waffenpriifungen und durch mégliche Anwendung derartigen Waffen im Kriege. 


RESUME 


A partir de renseignements expérimentaux et cliniques sur l’incidence et la portion 


tique des anomalies congénitales d’une part, et sur l’induction de celles-ci par les ra 
ments ionisants d’autre part, on a cherché a prédire ordre de grandeur de augment: atio 
de la perte reproductrice chez ’homme a la premiére génération, qui s’établirait ae) viro: 

0.01 par roentgen (dose-gonade). Ce chiffre s’accorde en gros avec le coefficient emp riqu 
ressortant de l’analyse des observations recueillies au Japon sur l’effet génétique des bom- 
bes atomiques. On discute la signification de ce paramétre quant aux risques enc ou 
par les populations du fait de l'emploi clinique actuel des rayons roentgen, des retomb¢es 
radio-actives d’essais nucléaires pratiqués jusqu’a maintenant, et éventuellement d’un bom- 
bardement thermo-nucléaire. 
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BOOK REVIEWS 


Tue Basic Puysics oF RADIATION THERAPY. By Joseph Selman. 671 pages, 246 illus: 
and 70 tables. Charles C. Thomas, Springfield 1960. Price: 3 14.50. 


This book, according to the preface, is intended particularly for trainee radiologi 


technicians but also as a refresher course for practicing radiologists. As very little p 


knowledge is presupposed in most readers, an introductory chapter covers a little elen 
mathematics. The following chapters concern the structure of matter and the nature of 
tion, reaction between radiation and matter, generation of roentgen rays, roentgen ap] 
the measurement of ‘quantity’ and ‘quality’ of roentgen and gamma rays, practical 1 
dosimetry, as well as dose planning in radiotherapy and various accessories for beam 
tioning. 

Subjects treated in the other chapters include radioactivity and nuclear physics, super 
apparatus, radium and radon therapy, and the use of radioisotopes in therapy and di: 
The final two chapters deal with radiobiology and radiation protection. 

The text is characterized by verbosity and there are numerous repetitions. ‘This ma 
advantage from the point of view of teaching, but it inevitably leads to the book havin; 
less real content than would be expected from its size. The author states that his air 
‘explain the fundamental physical principles underlying radiation therapy in as compre! 
and comprehensible way as possible, without sacrificing accuracy for simplicity’, but it a 
to the reviewer that he has not entirely succeeded in the latter part of his objective. Th 
many loose and misleading expressions and indeed many factual errors; perhaps the w: 
on p. 589, where radiation doses to different parts of a body are added together to pro 
‘total body dose’. ‘This procedure (which of course would have been correct if it had 
matter of integral doses) is almost comparable to taking mouth and rectal temperatures sepa 
and adding them to give a ‘total body temperature’ of about 74° C. The explanatio: 
various dose concepts and units is in many places defective, and no clear distinction i 
between intensity and dose rate. The genetic effects of radiation are mentioned only ver 
in the last chapters. 

These and a great number of similar shortcomings make the book unsuitable as a sell- 
manual for the tiro and the experienced reader will probably find the going unne« 
heavy. 

Sven 


STRAHLENGEFAHRDUNG UND STRAHLENSCHUTZ IN DER ZAHNARZTLICHEN RONTGENDIA 
Von Theodor Kirsch. 59 Seiten und 47 Abbildungen. Dr Alfred Hiithig Verlag. 
berg 1960. Price: DM 6.80. 


Radiation doses and protection are important subjects in dental radiography but ap] 
information is lacking in these fields. This book unfortunately contains so many erro! 
elementary level that it can hardly be recommended as a contribution towards « 
knowledge. 

Lars-Eric | 
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